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PERMAFROST— A  REVIEW* 

By  ROBERT  F.  BLACKf 
Introduction 

Permafrost  is  perennially  frozen  mantle  or  bed¬ 
rock.  It  occurs  in  the  earth  wherever  a  tempera¬ 
ture  below  0®C.  remains  for  several  years,  whether 
the  material  is  actually  consolidated  by  ice  or  not. 
Its  presence  in  northern  latitudes  has  been  known 
for  several  centuries,  but  only  in  recent  years  has 
it  received  the  attention  it  merits  in  North 
America.  Were  it  not  for  the  construction  diffi¬ 
culties  encountered  by  our  military  forces  in  the 
subarctic  during  World  War  II,  the  rapid  strides 
in  the  science  in  the  past  10  years  would  not  have 
occurred. 

On  this  tenth  anniversary  of  the  first  publication 
of  Muller’s  compilation  (1943)  of  permafrost  and 
related  engineering  problems  and  the  awakening 
of  widespread  interest  in  this  country  in  frozen 
ground  and  related  problems,  it  seems  desirable  to 
pause  a  moment  to  evaluate  our  recent  progress 
and  to  consider  the  future.  These  are  difficult 
tasks  that  I  will  touch  upon  only  sketchily  as  I 
review  the  subject.  Distinction  between  problems 
in  seasonal  frost  and  permafrost,  and  in  glacial  ice 
and  ground  ice  commonly  cannot  be  made,  and 
progress  in  one  field  serves  the  other.  Similarly, 
the  progress  in  soils,  climate,  hydrology,  and  other 
aspects  of  the  natural  sciences  commonly  advances 
permafrost  research.  Thus,  it  is  beyond  the  scope 
of  this  review  to  discuss  all  aspects  of  permafrost 
and  its  complex  relation  to  the  natural  sciences. 

Literally  hundreds  of  articles  have  been  written 
on  permafrost  and  related  fields  within  the  past  10 
years.  Many  are  in  languages  other  than  English. 
If  they  are  available  in  this  country,  however,  they 
have  generally  been  annotated,  reviewed,  ab¬ 
stracted,  or  translated  into  English.  Un¬ 
fortunately,  not  all  are  available  to  individuals 
outside  the  Federal  Government.  The  U.  S. 
Geological  Survey,  the  Department  of  the  Army, 
the  Department  of  the  Air  Force,  and  other  Federal 
agencies  are  abstracting  foreign  literature  and  are 
carrying  on  basic-research  projects  directly  or  by 

*  This  paper,  illustrated  with  lantern  slides,  was  presented  at 
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contract.  Some  of  their  findings  now  are  being 
made  public.  The  Snow,  Ice,  and  Permafrost ! 
Research  Establishment  (SIPRE),  Corps  of  En¬ 
gineers,  U.  S.  Army,  by  contract,  is  preparing  an 
annotated  bibliography  of  snow,  ice,  and  perma¬ 
frost,  and  is  publishing  many  translations. 

The  Russians  have  led  the  world  in  the  number 
of  research  projects  and  in  the  volume  of  publica¬ 
tions  on  permafrost.  I  believe  that  we  have 
caught  up  with  them  in  the  knowledge  of  some 
phases  of  the  subject,  and  may  even  have  passed 
them  in  others.  Yet  our  approach  to  many  of 
the  problems  is  stiU  qualitative,  whereas  theirs 
has  been  quantitative  for  many  years.  We  have 
numerous  laboratories  in  the  United  States  for 
cryological  research,  but  only  one  arctic  and  one 
subarctic  permafrost  research  stations,  the  latter 
with  limited  facilities  and  scope.  Conversely, 
the  Russians  have  more  than  30  natural-science 
research  stations  of  broad  scope  in  permafrost 
areas.  Permafrost  surveys  prior  to  construction 
are  mandatory  in  the  Soviet  Union.  In  this 
country,  many  individuals  and  organizations 
know  little  about  the  subject  and  do  not  recognize 
its  significance  in  works  of  man,  in  geologic  pro¬ 
cesses,  or  in  biologic  development  in  the  subarctic 
and  Arctic.  Fortunately,  this  situation  is  changing 
rapidly,  and  I  note  that  the  more  recent  textbooks 
on  soils  and  engineering  contain  references  to 
permafrost. 

Distribution 

Extent.  In  the  Northern  Hemisphere,  about 
2,950,000  square  miles  of  land  is  underlain  with 
almost  continuous  permafrost  (see  table  1  and 
FIGURE  1).  In  the  continuous  zone,  only  those 
lakes  more  than  about  0.4  mile  in  diameter  and 
more  than  6  feet  deep,  those  rivers  whose  active 
floodplains  are  more  than  0.4  mile  wide,  and  areas 
of  thermal  activity  are  not  underlain  by  perma¬ 
frost.  South  of  the  continuous  zone,  permafrost 
is  divided  into  large  discontinuous  bodies  in  an 
area  of  about  2,860,000  square  miles.  The  larger 
lakes  and  rivers  and,  toward  the  southern  border 
of  the  zone,  entire  slopes  of  some  south-facing  hills 
and  some  well-drained  valleys  are  not  underlain 
with  permafrost.  Farther  south,  permafrost  be¬ 
comes  more  and  more  sporadic  until  it  disappears. 
The  approximate  area  in  which  isolated  bodies  of 
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permafrost  occur  is  about  2,820,000  square  miles. 
These  areas  represent  about  22  per  cent  of  the  total 
land  in  the  Northern  Hemisphere  (38,800,000 
square  miles). 

Antarctica  (about  5,100,000  square  miles)  is 
wholly  in  the  continuous  zone  of  permafrost  and 
makes  up  about  27  per  cent  of  the  total  land  area 
(18,700,000  square  miles)  in  the  Southern  Hemi¬ 
sphere.  About  24  per  cent  of  the  total  land  area 
of  the  earth  (57,500,000  square  miles)  is  thus  in 
areas  of  permafrost. 

I  In  the  Northern  Hemisphere,  the  southern  mar¬ 
gin  of  permafrost  has  receded  northward  in  the 
past  century.  By  inference  from  periglacial  fea¬ 
tures,  in  glacial  times,  permafrost  apparently 
underlay  most  of  Russia  and  northern  Europe  and, 
in  North  America,  extended  southward  into  the 
United  States  beyond  the  limit  of  continental  ice. 
The  origin  of  many  of  the  features  in  the  light  of 
present  knowledge  is  difficult  to  determine,  how¬ 
ever,  and  the  exact  meaning  of  these  features  in 
the  interpretation  of  past  climates  is  not  known 
or  is,  at  least,  open  to  question. 

The  relative  age  and  character  of  permafrost 
and  its  proximity  to  the  surface  commonly  are 
correlative  with  surface  features  such  as  vegeta¬ 
tion  and  drainage  phenomena. 

'  Thickness.  Permafrost  in  ground  is  thickest  in 
that  part  of  the  continuous  zone  of  permafrost 
that  has  not  been  glaciated.  The  maximum 
know’n  thickness  is  reported  to  be  at  Nordvik  in 
northern  Siberia  (I.  V.  Poire,  oral  communication), 
where  it  is  about  2,000  feet.  In  general,  the 
average  thickness  of  permafrost  in  the  continuous 
zone  is  800  to  1,200  feet  in  Alaska  and  1,000  to 
1,500  feet  in  northern  Siberia.  In  Alaska,  the 
I  average  thickness  in  the  discontinuous  zone  is 
between  200  and  400  feet  and,  in  the  sporadic  zone, 
j  permafrost  is  generally  less  than  100  feet  thick. 

I  Permafrost  in  ice  caps  in  Greenland  and  Antarctica 
1  is  several  thousands  of  feet  thick.  Elsewhere  in 
the  Southern  Hemisphere,  permafrost  is  sporadic 
and  occurs  only  in  the  higher  mountains. 

Character 

Temperature.  The  temperature  of  permafrost 
at  a  depth  of  30  to  50  feet  in  the  continuous  zone 
generally  is  below  —  5'’C.  Temperatures  in  north¬ 
ern  Alaska  are  commonly  —9°  to  —  lO^C.  where 
the  influence  of  large  bodies  of  water  is  not  felt. 
The  minimum  temperature  recorded  is  —  12°C.  in 
northern  Siberia  (I.  V.  Poir6,  oral  communica¬ 


tion).  Temperatures  at  depths  of  30  to  50  feet 
in  the  discontinuous  zone  of  permafrost  generally 
are  —1®  to  — 5®C.  and,  in  the  sporadic  zone, 
temperatures  at  depths  of  30  to  50  feet  in  perma¬ 
frost  are  commonly  above  —  1°C. 

Temperature  gradients  vary  horizontally  and 
vertically  from  place  to  place  and  from  time  to 
time.  Below  the  depth  of  seasonal  change  in 
northern  Alaska,  vertical  gradients  of  78  to  215 
ft./®C.  have  been  recorded.  Vertical  gradients 
below  the  depth  of  annual  change  become  pro¬ 
gressively  less  steep  in  discontinuous  and  sporadic 
permafrost,  generally  as  one  goes  south.  In  north¬ 
ern  Alaska,  I  have  measured  gradients  of  as  much 
as  0.5  ft./®C.  horizontally  and  vertically  at  shallow 
depth  in  areas  of  high-centered  polygons,  where 


Table  1 

Extent  or  Permafrost* 
(Millions  of  square  miles) 


Zone 

Eur- 

1  asU 

'  N. 
America 

1  Ant¬ 
arc¬ 
tica 

N.  Hem¬ 
isphere 
Total 

Total 

Continuous 

1.43 

1.52 

j  5.07 

2.95 

8.02 

Discontinuous 

1.43 

1.43 

2.86 

2.86 

Sporadic 

1.47 

1.35t 

1  ' 

2.82 

2.82 

Subtotals  j 

4.33 

4.30 

5.07| 

,  8.63 

1 

13.70 

*DaU  derived  by  planimetry  frmn  figuu  1. 
tincludes  0.09  in  tne  United  States. 


differences  of  material,  of  insulating  qualities  of 
snow,  and  of  exposure  are  extreme.  Such  seasonal 
effects  are  even  more  marked  in  the  active  layer. 

Composition.  Permafrost  is  defined  on  the  basis 
of  temperature  and  may  thus  consist  of  any  type  of 
natural  or  artificial  material,  whether  consolidated 
by  ice  or  not.  Ice  is  recognized  as  one  of  the 
most  important  components,  and  I  find  it  con¬ 
venient  to  refer  to  the  water  content  (generally 
but  not  always  as  ice)  in  terms  of  the  available  pore 
space.  Thus,  the  material  is  supersaturated  if  it 
contains  more  ice  than  pore  space;  it  is  saturated 
if  it  contains  as  much  ice  as  pore  space;  and  it  is 
undersaturated  if  it  contains  less  ice  than  pore 
space.  For  practical  purposes  in  the  field,  when 
exact  moisture  relationships  are  not  available,  it 
is  relatively  easy  to  distinguish  these  main  types 
with  the  aid  of  a  hand  lens.  Supersaturated 
material  invariably  contains  visible  ice  in  cement, 
granules,  veinlets,  and  other  forms  that  separate 
individual  particles  of  rock  or  soil.  Saturated  rock 
has  all  pores  filled  with  ice,  and  saturated  sediment 
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is  firmly  cemented  with  ice  but  lacks  visible 
granules  and  veinlets  of  ice  separating  individual 
grains  of  the  host  material.  Undersaturated  ma¬ 
terial  contains  pores  that  are  visibly  lacking  in  ice 
and  commonly  is  friable.  These  terms  may  be 
used  to  modify  ordinary  rock  and  sediment  terms 
I  used  in  the  field.  For  example,  an  undersaturated 
!  gravel  bed  may  lie  below  a  supersaturated  clay-silt 
bed,  and  above  a  saturated  fine-grained  sandstone. 

The  cold  reserve  (calories  required  to  bring  the 
!  material  to  0°C.  and  melt  the  contained  ice,  called 
frigories  in  Russia)  is  mapped  easily  for  individual 
beds  of  different  lithology  and  moisture  content. 
Densities,  heat  capacities,  thermal  conductivities, 
and  diffusities  of  the  various  materials  vary  widely 
j  but  are  commonly  less  important  in  determining 
the  cold  reserve  and  engineering  significance  than 
moisture  content  and  distribution. 

Individual  ice  crystals  in  ground  ice  range  from 
i  0.001  mm.  or  less  to  70  cm.  or  more  in  diameter. 
!  .\ggregates  of  ice  crystals  are  common  in  veinlets 
and  dikelets  similar  to  those  in  seasonally  frozen 
ground,  in  layers  several  inches  thick,  in  irregular 
masses,  and  in  vertical  wedges  of  large  size. 

Ice  Wedges.  Ice  wedges  are  a  particularly  strik¬ 
ing  and  common  form  of  clear  ice  in  perennially 
frozen  mantle  in  the  continuous  zone  of  perma¬ 
frost.  They  are  less  common  in  the  discontinuous 
zone  and  are  rare  in  the  sporadic  zone.  The  wedges 
range  from  short  vertical  dikelets  less  than  1  mm. 
in  width  to  massive  wedges  more  than  25  feet  in 
width  and  25  feet  in  length.  Individual  w'edges 
commonly  join  in  polygonal  networks  whose  sur- 
,  face  configurations  range  from  the  extremes  of 
low-centered  to  high-centered  types  with  relief  of 
a  few'  inches  to  several  feet.  Sizes  of  individual 
i  polygons  are  correlative  with  ages  of  the  ice 
wedges,  with  types  of  material  in  which  they  are 
found,  and  with  ranges  of  ground  temperatures. 
Their  origin  is  attributed  to  growth  of  ice  in  con¬ 
traction  cracks  resulting  from  temperature 
changes.  In  northern  Alaska,  growth  is  rapid, 
perhaps  0.5  to  1.5  mm.  per  year.  Wedges  rarely 
grow  now  in  sporadic  permafrost,  and  they  grow 
slower  on  the  average  in  the  discontinuous  zone 
than  in  the  continuous  zone. 

Samples  of  ground  ice  are  collected  with  ice 
picks,  specially  sharpened  miners’  picks,  augers, 
and  mechanized  drills.  At  the  Arctic  Research 
Laboratory  near  Barrow,  Alaska,  in  1949-1950,  I 
prepared  semipermanent  thin  sections  using  tech¬ 
niques  modified  from  those  of  Max  Demorest  and 
temporary  thin  sections  after  the  technique  of 


Henri  Bader.  Petrofabrics  studies  were  accom¬ 
plished  with  three  universal  stages  handling  slides 
from  1  inch  square  to  10  inches  square.  It  was 
found  that  structures  in  active  ice  wedges  in 
northern  Alaska  are,  in  general,  smaller  and  more 
complex  than  those  in  glacial  ice.  All  wedges 
have  myriad  bands  of  air  bubbles  and  inclusions  of 
organic  material  and  soil,  which  commonly  produce 
marked  foliation  subparallel  to  the  sides.  Other 
bands  crisscross  within  wedges.  Most  air  bubbles 
and  inclusions  are  elongated  vertically,  regardless 
of  the  orientation  of  the  band  in  which  they  are 
found .  M icroscopic  growth  fabrics  in  which  c-axes 
are  oriented  normal  to  cooling  surfaces  are  super¬ 
imposed  on  one  or  more  deformation  fabrics  and 
vice  versa.  In  some  wedges,  the  best-developed 
fabric,  presumably  resulting  from  recrystallization 
under  pronounced  temperature  gradients  and  con¬ 
siderable  lateral  compression,  is  fan-shaped  and 
conforms  roughly  to  the  shape  of  the  wedge.  Hoar 
growing  in  contraction  cracks  and  tension  fractures 
is  variously  oriented.  Individual  grains  respond 
to  stress  by  strain,  reorientation  (apparently  in 
part  to  permit  slipping  on  the  basal  pinacoid  or 
rolling  around  the  c-axis),  fracture,  granulation, 
and  recrystallization.  Movement  within  wedges 
is  indicated  by  granulated  and  recrystallized 
grains,  tension  fractures,  shear  planes,  offset  bands 
of  air  bubbles  and  inclusions,  dragged  sediments  on 
sides  of  wedges,  and  surface  ridges.  In  some 
places,  the  w'edges  cut  or  grow  into  horizontal 
layers  of  ice  of  different  origin.  In  others,  net¬ 
works  of  ice  wedges  are  superimposed  on  top  of 
each  other. 

Not  all  the  structures  and  orientations  of  ice 
crystals  in  ground  ice  can  be  explained,  because 
insufficient  w'ork  has  been  done,  and  because  our 
knowledge  of  ice  is  too  limited.  The  geometry  of 
the  crystal  lattice  is  yet  to  be  determined.  The 
response  of  an  ice  crystal  to  shear  by  gliding  on  the 
basal  plane  is  accepted  by  most  workers,  but 
notable  exceptions  are  becoming  more  common. 
Possibly,  other  glide  planes  exist  in  some  crystals, 
or  else  flow  and  reorientation  of  crystal  lattices 
are  involved  in  ways  not  yet  explained.  Ap¬ 
parently,  too,  ice  is  not  a  true  viscous  fluid  follow¬ 
ing  Newton’s  second  law  of  motion,  but  discon¬ 
tinuous  shear  and  creep  operate  together.  In  the 
last  few  years,  much  has  been  learned  about  sur¬ 
face  effects  in  growth  and  metamorphism  of 
crystals,  especially  of  metals.  The  striking  re¬ 
semblance  of  photomicrographs  of  polished  sections 
of  many  metal  crystals  to  those  of  ice,  and  simi- 
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larities  in  orientations  and  shapes  of  grains  in 
response  to  shear,  compression,  and  temperature 
gradients  suggest  that  workers  in  each  phase  of 
the  science  can  learn  and  profit  from  the 
experiences  of  the  others. 

Genesis 

Permafrost  results  when  the  net  heat  balance  of 
the  surface  of  the  earth  over  a  period  of  several 
years  produces  a  temperature  continuously  below 
0®C.  As  the  temperature  of  the  ground  at  the 
depth  of  no  seasonal  change  is  generally  equal  to 
the  mean  annual  air  temperature  or  is,  at  most, 
only  a  few  degrees  from  it,  permafrost  is  commonly 
attributed  to  present  climates.  Permafrost  in 
the  continuous  zone,  however,  probably  existed 
for  a  long  period  of  time  in  equilibrium  with  the 
climate  and,  hence,  was  initially  a  product  of  the 
past.  Although  the  general  thesis  of  the  problem 
is  relatively  simple,  it  is  extremely  complex  in 
detail.  Some  of  the  primary  factors  in  the  heat 
exchange  are  (1)  climatic — solar  radiation,  atmos¬ 
pheric  radiation,  counter  radiation,  air  tempera¬ 
tures,  wind,  humidity,  cloudiness,  and 
precipitation;  (2)  chemical  and  physical  char¬ 
acteristics  of  the  ground — distribution,  types,  and 
textures  of  material,  heat  capacities,  thermal  con¬ 
ductivities,  thermal  diffusivities,  and  horizontal 
and  vertical  thermal  gradients;  and  (3)  the  chang¬ 
ing  interface  between  the  ground  and  atmosphere 
— the  active  layer,  surface  water,  snow,  vegetation, 
and  their  albedo.  The  factors  in  (3)  commonly 
are  more  imjxirtant  than  the  others  in  the  heat  ex¬ 
change.  Clothing  helps  regulate  the  heat  loss  or 
gain  of  the  human  body,  and  so  too  the  surface 
temperature  of  the  earth  is  regulated  partly  by  the 
changing  interface.  Thus,  areas  in  which  the 
average  annual  air  temperature  is  several  degrees 
below  0°C.  may  be  free  of  permafrost;  and,  con¬ 
versely,  areas  with  average  annual  air  tempera¬ 
tures  above  0°C.  may  contain  sporadic  permafrost 
in  equilibrium  with  the  climate.  For  example,  a 
thick,  dry,  active  layer  covered  with  dry  mosses 
and  very  thick  light  snow  provides  excellent  insula¬ 
tion;  and,  conversely,  a  thin,  wet,  active  layer 
with  little  or  no  vegetation  and  thin  dense  show 
freezes  quickly  and  becomes  an  excellent  con¬ 
ductor.  The  interface  changes  markedly  from  low 
to  high  latitudes  and  altitudes,  and  so  do  the 
climatic  factors.  Many  complex  factors  must 
therefore  be  examined  in  determining  the  local 
heat  balance,  and  microclimatologic  studies  are 
obligatory. 


Significance 


Geology.  Complete  freezing  of  bedrock  for  long 
periods  of  time  has  little  geologic  aftereffect,  except 
through  control  of  movement  of  ground  water. 
Freezing  of  mantle  completely  eliminates  ground- 
water  movement,  preserves  organic  remains 
indefinitely,  and  reduces  or  prevents  mass  move¬ 
ments  and  landslides  within  the  frozen  material. 
These  direct  effects  are  locally  very  important  in 
developing  ground-water  supplies,  in  the  study  of 
Pleistocene  fossils,  and  in  the  geomorphic  develop¬ 
ment  of  the  locality.  In  mantle,  the  growth  of  ice 
wedges  disturbs  bedding  planes  and  forces  material 
from  a  depth  of  several  feet  to  the  surface. 

Indirect  effects  of  permafrost  are  commonly 
more  striking.  The  zone  of  annual  freeze  and 
thaw  (active  layer)  over  permafrost  is  subject  to 
changes  that  are  not  present  or,  if  present,  are  less 
frequent  or  less  severe  in  seasonal  frost  zones  in 
areas  free  of  permafrost.  Therefore,  soil  structures 
and  microrelief  features  are  more  widespread  and 
better  developed  in  areas  of  permafrost.  The  ac¬ 
tive  layer  is  commonly  supersaturated,  so  that 
mass  movements,  frost-heaving,  frost-thrusting, 
frost-stirring,  and  frost-splitting  are  common¬ 
place.  Patterned  ground,  involutions,  solifluction 
phenomenona,  block  fields,  and  other  microfeatures 
result.  ; 

Thawing  of  permafrost  containing  much  ice 
commonly  results  in  pits,  ponds,  and  lakes  on  level 
ground  and  in  slumps  and  earthflows  on  sloping 
ground.  Pressures  greater  than  28,000  lbs.  per 
square  inch  may  be  attained  in  freezing  of  ground, 
and  hydrostatic  pressure  may  be  transmitted  long 
distances.  Injection  of  saturated  soils  into  aacks 
in  frozen  ground  or  into  thawed  ground,  formation 
of  ice  laccoliths  and  other  small  mounds,  and 
surface  icings  commonly  result  from  hydrostatic  I 
pressure  produced  by  freezing  water  trapped  be¬ 
tween  permafrost  and  the  downward-freezing 
active  layer.  Pingos  are  large  mounds  resulting 
from  hydrostatic  pressure  during  regrowth  of  j 
permafrost  into  thawed  basins  in  permafrost  under  j 
drained  lakes.  Permafrost  serves  as  a  “cap  rock”  ! 
for  oil  in  northern  Alaska  and  as  a  host  for  native  j 
gold  in  Canada.  | 

The  techniques  of  studying  ice  in  permafrost  are  . 
similar  to  those  used  in  glaciological  research,  and  ; 
the  physics  of  ice  and  permafrost  are  commonly  ■ 
applicable  to  seasonally  frozen  ground.  Geo-  . 
physical  prospecting  in  permafrost  demands  varia-  i 
tions  in  techniques  from  those  usable  in  temperate  ^ 
zones.  i 
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Biology.  By  maintaining  cold  temperatures,  by 
restricting  the  downward  extent  of  root  growth  of 
jdants,  by  preventing  normal  ground-water  move¬ 
ments  and,  indirectly,  by  promoting  intensive 
frost  action,  permafrost  has  long  been  recognized 
by  many  writers  as  being  of  paramount  importance 
in  plant  ecology  in  northern  latitudes.  Many 
recent  papers  have  restated  the  qualitative  aspects 
of  the  phenomena.  An  attempt  at  quantitative 
correlation  between  vegetation  and  permafrost  has 
met  with  only  limited  success. 

The  widespread  distribution  of  the  frog  demon¬ 
strates  that  cold  ground  temperatures,  except 
perhaps  locally,  do  not  necessarily  follow  periods 
of  intense  cold  air  temperatures,  because  the  frog 
does  not  survive  body  temperatures  below  about 
-5°C.  (Robert  Hamilton,  1949,  oral  communi¬ 
cation). 

The  results  of  Russian  studies  demonstrate  that 
bacteria  can  survive  in  permafrost. 

Engineering.  The  engineering  significance  of 
permafrost  and  intensive  frost  action  accompany¬ 
ing  it  are  known  in  a  qualitative  way,  and  quanti¬ 
tative  evaluation  now  is  possible  for  many 
problems  in  construction.  More  emphasis  has 
been  given  these  aspects  of  permafrost  than  any 
other.  Economic  incentive  in  the  Soviet  Union, 
where  vast  numbers  of  people  live  in  areas  of 
permafrost,  necessitated  early  evaluation  of  the 
problems;  and  military  and  civilian  operations  in 
northern  North  America  now  must  surmount  simi¬ 
lar  problems.  The  review  of  Muller  remains  as 
the  most  useful  handbook  for  engineering  purposes. 
It  is  supplemented  by  more  recent  reviews,  by 
results  from  classified  Federal  projects,  and  by 
numerous  unclassified  articles  that  provide  case 
histories  or  summaries  of  more  particular  nature. 


Conclusions 

It  is  apparent  from  the  voluminous  literature 
relating  to  permafrost,  frost  action,  and  related 
fields,  that  the  science  of  frozen  ground  has  made 
rapid  progress  in  the  past  10  years.  As  the  com¬ 
plexities  of  the  subject  become  better  known  and 
more  disciplines  are  brought  to  bear  on  it,  the  scope 
increases  and  the  literature  becomes  more  difficult 
to  locate  and  to  evaluate.  Individual  competence 
cannot  cover  the  entire  field.  The  recent  reviews 
and  bibliographies  are  most  helpful  for  newcomers 
and  even  for  established  research  workers,  but  the 
task  of  compiling  all  the  published  information  on 
any  one  phase  of  the  subject  is  monumental. 
Nevertheless,  the  status  of  knowledge  has  now  been 
reached  wherein  a  general  elementary  text  book 
briefly  covering  all  phases  of  the  subject  and  a 
group  of  comprehensive  treatises  covering  the 
major  subdivisions  can  now  be  w'ritten.  These 
more  than  anything  else,  would  indicate  the  fields 
wherein  more  research  is  needed,  would  provide 
the  basis  fur  future  research,  and  would  constitute 
handbooks  for  the  engineers,  geologists,  biologists, 
and  other  scientists. 

It  seems  to  me  that  the  general  tenets  of  perma¬ 
frost  are  adequate.  Obviously,  additional  research 
will  add  details  on  the  distribution  of  permafrost 
and  its  relation  to  the  various  factors  controlling 
its  existence.  Its  origin  and  the  range  of  types 
are  recognized,  however.  Its  significance  is  recog¬ 
nized  more  qualitatively,  but  quantitative  evalua¬ 
tion,  with  the  exception  of  a  few  individual  cases 
in  this  country,  is  still  lacking.  Therefore,  it  is 
clear  that,  without  additional  quantitative  meas¬ 
urements,  engineering  applications  will  have  only 
approximate  formulas,  and  recognition  and  predic¬ 
tion  of  permafrost  characteristics,  distribution,  and 
significance  will  remain  qualitative. 
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IONIZATION  POTENTIALS  OF  SOME 
MOLECULES  COMMONLY  USED  IN 
RADIATION  COUNTERS* 

By  RAYMOND  KAUFMANf 
Abstract 

Ionization  potentials  of  a  number  of  molecules 
were  determined  experimentally  employing  a  modi- 

*  This  paper,  illustrated  with  lantern  slides,  was  presented  at 
the  meeting  of  the  ^tion  on  February  3,  1933.  This  work  was 
^ported.ln  part,  by  funds  supplied  by  the  Joint  Frogr^  of  the 
Place  of  Naval  Research  and  the  Atomic  Energy  Comission. 


fied  Davis  and  Goucher  apparatus.  The  following 
ionization  potentials  for  which  no  previous  values 
were  known  were  ethyl  acetate  9.5  volts  and 
boron  trifluoride  10.2  volts.  The  accuracy  of  the 
experiment  may  be  judged  by  the  following  values 
obtained  for  gases  whose  ionization  potentials 
are  listed:  neon  20.8  volts;  methane  15.2;  ammonia 
10.1;  argon  15.4.  Butane  showed  a  curve  with  a 
break  at  10.4  and  propane  at  11.0.  In  the  case  of 

t  Department  of  Physics,  New  York  University,  University 
Heights,  New  York,  N.  Y. 
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polyatomic  molecules,  the  interpretation  of  these 
results  is  probably  complicated  by  dissociation 
phenomena. 

Introduction 

This  study  was  undertaken  for  the  purix>se  of 
determining  the  critical  potentials  of  some  mole¬ 
cules  commonly  used  in  counters.  In  the  action  of 
a  counter,  the  ionization  potential  and  other  critical 
cal  potentials  are  important  for  a  number  of 
reasons.  They  determine  under  what  conditions 
of  pressure  and  applied  voltage  the  onset  of  ioniza¬ 
tion  will  take  place,  and  they  form  the  basis  of  the 
electron  transfer  effect  in  the  operation  of  self¬ 
quenching  counters  as  discussed  by  Korff.* 


cathode.  The  cathode  itself  was  coated  with  a 
triple  carbonate  of  barium,  strontium,  and  calcium 
in  order  to  increase  the  electron  emission.  The 
first  grid  Gi  was  a  fine  mesh  platinum  cylinder  of 
three  centimeters  diameter  which  completely  sur¬ 
rounded  the  cathode.  The  cathode  and  first  grid 
were  constructed  of  the  same  material  in  order  to 
diminish  the  effect  of  any  contact  potential.  Sina 
the  accelerating  potential  Vq  applied  between  the 
cathode  and  first  grid  is  a  direct  measure  of  the 
ionization  potential  and  is  the  only  critical  po¬ 
tential  difference  in  the  experiment,  it  was  neces¬ 
sary  to  maintain  this  precaution  with  these  two 
electrodes  only.  G2  was  a  second  grid  of  copper 
with  mesh  holes  of  about  1  millimeter  square  and 


The  earliest  experiments  on  critical  potentials 
were  those  performed  by  Lenard*  in  1902.  These 
were  followed  by  the  work  of  Franck  and  Hertz,* 
Davis  and  Goucher,*  (the  method  used  in  this 
paper)  and  a  host  of  others  described  by  Franck 
and  Jordan,®  Compton  and  Mohler,®  and  Smyth.^ 

Description  of  Apparatus 

In  the  present  work,  the  method  of  electron 
bombardment  was  used.  A  type  of  apparatus 
similar  to  that  of  Davis  and  Goucher  was  em¬ 
ployed.  The  ionization  chamber  shown  in  figure 
1  consisted  of  a  glass  envelope  containing  four 
electrodes.  The  cathode  C  was  a  platinum  cylin¬ 
der  closed  at  one  end,  one  centimeter  in  diameter 
and  eight  centimeters  in  length.  Inside  this  cylin¬ 
der  was  a  spiral  tungsten  filament  coated  with 
aluminum  oxide  to  insulate  it  electrically  from  the 


five  centimeters  in  diameter.  Surrounding  the 
copper  grid  w’as  an  aluminum  plate  of  seven  centi-  ■ 
meters  in  diameter.  There  was  therefore  approxi- 1 
mately  a  one  centimeter  spacing  between  each  two  ‘ 
electrodes.  During  most  of  the  measurements, 
the  second  grid  was  electrically  connected  to  the ! 
plate  so  that  essentially  a  three  element  ionization 
chamber  was  used. 

The  part  of  the  chamber  containing  the  elec¬ 
trodes  was  mounted  horizontally  in  a  transit  box 
which  had  a  number  of  heating  coils  on  the  bottom. 
This  box  served  as  an  oven  to  bake  out  the  appara¬ 
tus  whenever  it  was  necessary.  The  accelerating  ^ 
potential  Vo  between  cathode  and  grid  was  sup- 1 
plied  by  using  two  45  volt  heavy  duty  batteries  \ 
in  parallel  across  a  large  slide  wire  resistance  and  1 
tapping  off  the  required  amounts.  These  values  ^ 
of  Vq  were  measured  with  a  Leeds  and  Northrup 
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Type  K  potentiometer  in  conjunction  with  a  Leeds 
and  Northrup  volt  box.  Standard  one  and  one- 
half  volt  dry  cells  supplied  the  small  retarding 
potentials.  The  current  to  the  plate  was  meas¬ 
ured  with  a  critically  damped  Leeds  and  Northrup 
high  sensitivity  galvanometer  which  formed  part 
of  a  DC  amplifying  circuit  of  the  FP  54  elec¬ 
trometer  tube  type  described  in  the  literature  by 
Du  Bridge  and  Brown.*  The  part  of  the  ioniza¬ 
tion  chamber  containing  the  electrodes  and  the 
DC  amplifying  circuit  were  placed  in  a  metal  box 
for  purposes  of  electrostatic  shielding.  Since  the 
galvanometer  had  a  sensitivity  of  10“‘®  amperes 
per  millimeter  deflection  and  the  amplifier  had  a 
gain  of  10*,  it  was  possible  to  measure  currents  of 
the  order  of  10“‘*  amp>eres. 

Experimental  Method 

Before  any  data  were  taken  the  equipment  was 
thoroughly  cleaned  by  well-known  laboratory 
techniques.  In  order  to  determine  how  the  equip¬ 
ment  was  operating  and  to  see  if  the  cathode  emis¬ 
sion  was  adequate,  the  chamber  was  operated  as  a 
triode  with  the  copper  grid  electrically  connected 
to  the  plate.  The  heating  oven  and  the  filament 
had  been  on  for  a  period  of  twenty-four  hours  and 
the  ionization  gauge  read  5  x  10“^  millimeters  so 
that  the  chamber  was  thoroughly  outgassed.  In 
this  measurement,  electrons  were  accelerated  be¬ 
tween  cathode  and  grid  by  a  variable  potential 
Vo  and  retarded  between  grid  and  plate  by  a  po¬ 
tential  Vp  =  1.5  volts.  It  can  be  seen  from  the 
graph  of  FIGURE  2  that  as  soon  as  the  small  re¬ 
tarding  potential  of  the  plate  is  overcome  by  the 
potential  Vo,  the  plate  current  I?  begins  to  rise 
until  it  reaches  a  constant  value  after  which  time 
it  does  not  show  any  further  change.  In  this  case, 
all  the  electrons  leaving  the  cathode  were  drawn 
to  the  grid  and  plate.  To  see  if  there  were  any 
leakage  currents  present  over  the  outside  of  the 
chamber  the  filament  was  turned  off  and  the  meas¬ 
urement  repeated.  The  plate  current  reading  was 
zero  over  the  entire  range  of  values  of  Vo. 

Measurements 

Neon.  After  these  preliminary  measurements 
were  completed,  the  supply  bottle  was  filled  to 
atmospheric  pressure  with  neon  of  99.9  per  cent 
purity.  About  3  centimeters  of  neon  was  allow’ed 
to  expand  into  the  ionization  chamber  from  the 
supply  bottle  and  the  chamber  was  pumped  down 
again.  Following  this,  1.5  millimeters  of  neon 
were  put  into  the  chamber.  The  grid  voltage  Vo 


was  gradually  increased  from  zero  volts  and  the 
plate  current  was  observed.  Again,  a  curve  similar 
to  that  of  FIGURE  2  was  obtained,  but  this  time  at 
a  value  of  Vo  in  the  neighborhood  of  21  volts,  a 
sharp  drop  in  plate  current,  appeared  (figure  3). 
For  these  readings,  the  pressure  in  the  chamber 
was  1.5  millimeters  and  the  filament  voltage  and 
current  were  16.5  volts  and  0.7  amps  respectively. 

As  shown  in  figure  3  the  initial  value  of  the 
plate  current  corresponding  to  a  zero  value  of  Vo 
is  1.7  volts.  At  the  value  of  Vo  -  21.3  volts,  the 
plate  reading  is  —4.7.  Since,  at  this  point,  the 
plate  current  has  fallen  back  to  its  initial  value  and 
passed  it  in  the  reverse  direction,  it  may  be  inter- 


FIG.  2 

Figusi  2.  Variation  of  plate  current  with  grid  voltage — no 
gas  present  in  chamber. 


preted  as  follows.  Not  only  are  most  of  the  elec¬ 
trons  not  reaching  the  plate  but  the  plate  is  now 
collecting  the  positive  ions  formed  in  the  collision 
process.  It  is  to  be  noted  that  the  first  and  second 
ionization  potentials  of  neon  corresponding  to  21.4 
volts  and  38.8  volts  respectively  are  given  rather 
markedly  by  this  curve.  In  one  instance,  with 
neon,  the  chamber  was  operated  as  a  tetrode  as  in 
the  Davis  and  Goucher  experiment  but  it  was 
only  possible  to  obtain  the  ionization  potentials, 
so  that  the  equipment  was  in  no  way  sensitive  to 
resonance  potentials.  Boucher*  has  reported 
similar  results  with  the  Davis  and  Goucher 
apparatus. 

Methane.  The  ionization  potential  of  methane 
had  been  obtained  by  a  number  of  investigators*®”** 
so  it  was  decided  to  use  this  gas  as  an  additional 
check  on  the  equipment  and  method.  Before 
introducing  methane  into  the  chamber,  the  equip- 
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Figuxe  3.  Ionization  potential  curves  for  ethyl  acetate,  methane,  and  neon. 


ment  was  cleaned  and  the  supply  bottle  was  filled  cal  one  appears  in  figure  3.  Here  we  find  that  I 

with  methane  of  99.9  per  cent  purity  (impurities  the  curve  has  a  minimum  at  15.2  volts.  This  i 

present  were  small  amounts  of  ethane,  nitrogen  agrees  with  the  value  obtained  by  Glocker^*  with-  j 

and  carbon  dioxide).  Again,  values  for  Ip  were  in  our  probable  error.  V 

obtained  as  a  function  of  Vq.  From  the  resulting  Ethyl  Acetate.  This  is  a  liquid  at  room  tempera-  ] 

data,  a  number  of  curves  were  prepared.  A  typi-  ture  and  atmospheric  pressure  and  was  next  intro- 
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duced  into  the  apparatus.  Its  vapor  was  then 
drawn  into  the  ionization  chamber.  An  average 
value  of  the  pressure  of  the  vapor  under  test  was 
0.01  millimeter. 

Following  our  usual  technique,  a  series  of  read¬ 
ings  was  taken  which  provided  the  data  for  the 


curve  shown  in  figure  3.  We  see  that  the  break 
appears  here  at  9.5  volts.  Various  separate  runs 
were  made  on  ethyl  acetate  over  a  period  lasting 
several  days.  .\11  the  resulting  curves  were  similar 
and  the  one  appearing  in  figure  3  is  typical  of  the 
group 
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Propane  and  Butane.  Propane  of  99.9  per  cent 
purity  and  0.1  per  cent  hydrocarbons  impurity, 
and  butane  of  99.95  per  cent  purity  (impurities 
were  0.01  per  cent  iso-pentane  0.04  per  cent  iso¬ 
butane)  were  the  next  two  gases  studied.  We 
present  in  figure  4  the  experimental  curves  which 
were  obtained  and  remark  that  the  propane  curve 
shows  a  small  break  at  11.0  volts.  The  butane 
curve  shows  no  definite  minimum  but  a  turning 
point  at  10.4  volts.  The  absence  of  a  minimum 
would  suggest  that  positive  ions  and  positively 
charged  dissociation  products  are  being  formed  at 
this  point.  The  value  we  obtained  for  propane, 
namely  11  volts,  and  the  turning  point  of  the 
butane  curve  at  10.4  volts,  compare  favorably  with 
the  values  of  11.21  and  10.8  obtained  by  Honig  '* 


Figuu  i.  Ionization  potential  curve  for  boron-trifluoride. 


Ammonia.  Measurements  were  next  taken  on 
anhydrous  ammonia  of  99.5  per  cent  purity. 
Again  using  the  tube  in  the  triode  arrangement, 
data  were  obtained  which  have  been  incorporated 
in  the  graph)  shown  in  figure  4.  A  very  definite 
minimum  appears  at  a  value  of  10.1  volts.  This 
value  of  10.1  volts  is  within  th**  experimental  error 
of  the  value  obtained  by  Bartlett**  when  he  found 
that  NHa  dissociates  into  NHa"*"  with  an  ionization 
potential  of  12.0  ±  1.5  volts  and  NH'*'  whose 
ionization  potential  is  11.2  ±  1.5  volts.  In  con¬ 
nection  with  the  result  obtained  by  Bartlett,  the 
value  for  the  atomic  heat  of  formation  of  NHj  as 
given  by  Gaydon*®  is  277  kilocalories.  Using  the 
conversion  factor  1  ev  =  23.06  kilocalories,  we 
find  this  energy  =  12.02  ev,  so  that  it  is  very 


likely  that  NHj  dissociates  at  the  same  time  it  is 
ionized,  as  was  found  by  Bartlett. 

Argon.  At  this  point  it  was  decided  to  check  the 
apparatus  for  the  last  time  on  a  known  substance, 
argon,  before  making  the  run  on  BFj.  The  argon 
had  a  purity  of  99.6  per  cent  with  0.4  per  cent 
nitrogen  impurity.  Two  separate  runs  were  made 
on  different  days.  In  each  instance,  the  first, 
second,  and  third  ionization  potentials  along  with 
one  of  the  excitation  potentials  below  the  first 
ionization  potential  were  found  as  is  evidenced  by 
the  graph  of  figure  4.  A  dip  at  12.8  volts  was 
noted  which  is  presumably  due  to  excitation.  | 
First,  second,  and  third  ionization  energies  were 
found  at  15.3  volts,  27.1  volts  and  39.2  volts 
respectively,  which  may  be  compared  with  the 
spectroscopic  values  of  15.68  volts,  27.76  volts  and 
40.75  volts. 

Boron  Trifluoride.  Since  BF3  is  a  highly  active 
molecule,  a  number  of  precautions  were  necessary  I 
in  order  to  make  certain  that  the  BFj  used  in  the 
chamber  would  be  as  pure  as  possible.  A  fresh 
supply  of  BFs  of  98.3  per  cent  purity  (impurities 
were  SiF4  1  per  cent,  SOj  0.2  per  cent.  Air  0.5 
per  cent)  was  obtained  commercially  and  was 
further  purified  by  three  separate  distillations  of 
the  BFs  in  a  liquid  air  chamber.  ■ 

To  minimize  the  effect  of  poisoning  the  cathode  | 
by  any  free  fluorine,  a  very  small  quantity  of  BFj 
was  used  (approximately  10“’  millimeters)  and  the 
filament  was  run  at  about  10  watts,  approximately  ! 
one-third  of  the  normal  power,  to  avoid  thermal 
dissociation.  A  number  of  runs  were  taken  in  the  | 
usual  manner  and  a  dip  in  the  curve  was  noted  at 
10.2  volts.  This  is  interpreted  as  the  ionization 
potential.  A  typical  curve  to  illustrate  the  result  . 
appears  in  figure  5.  This  interpretation  is  no  1 
doubt  influenced  by  dissociation  effects,  but  since 
the  curve  was  carried  out  to  40  volts  and  no  break 
was  observed  beyond  the  aforementioned  one,  it 
can  be  assumed  that  most  of  the  dissociation  effects 
below  40  volts  occur  close  to  the  ionization  voltage 
of  10.2. 

Absorption  Spectrum  of  BF3.  It  is  well  known 
that  the  absorption  spectra  of  polyatomic  molecules 
generally  give  information  concerning  the  ioniza¬ 
tion  potentials  of  the  molecules.  No  published 
work  on  the  ionization  potential  or  ultraviolet  ; 
absorption  spectrum  of  boron-trifluoride  with 
which  to  compare  the  experimentally  determined 
value  of  10.2  volts  has  come  to  our  attention.  It 
was  therefore  decided  to  obtain  an  absorption 
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spectrum  of  this  substance.  For  this  purpose,  an 
absorption  cell  was  constructed  by  sealing  two 
quartz  windows  on  the  end  of  a  glass  tube  18 
inches  in  length.  An  iron  arc  was  run  at  220  volts 
and  7  amps  in  front  of  an  Adam  Hilger  medium 
quartz  spectrometer,  and  photographs  were  taken 
on  Eastman  Kodak  ultra-violet  sensitized  plates 
No.  103-0  1  U.V.  FIGURE  6  is  a  reproduction  of  one 
of  these  plates.  .Alternate  rows  show  the  spectrum 
taken  with  the  absorption  cell  under  vacuum  and 
when  the  cell  contained  50  centimeters  of  distilled 
BFj.  The  resulting  spectrogram  shows  that  there 
is  definite  absorption  from  X  2900  to  X  2600  and 


spectively,  so  that  the  additional  electron  is  bound 
with  somewhat  less  energy  than  the  other  electrons. 
The  ionization  potential  of  fluorine  is  17.34  e.v., 
while  that  of  boron  is  8.26  e.v.  Since  an  electron 
is  removed  when  the  molecule  is  ionized,  it  seems 
quite  reasonable  to  expect  that  this  is  one  of  the 
boron  electrons  which  can  now  be  considered  as  the 
additional  fluorine  electron.  The  electron  affinity 
of  the  fluorine  atoms  is  given  by  Rice  and  Teller” 
as  4.1  e.v.  It  is  natural  to  assume  that  the  electron 
affinity  of  the  fluorine  atom  in  the  BFj  molecule  is 
somewhat  smaller  than  this,  due  to  the  repulsive 
coulombic  field  of  the  other  electrons  in  the 
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Figure  6.  Absorption  spectrum  of  boron-triBuoride. 


from  X  2200  to  X  2000,  which  was  the  limit  of  this 
spectrometer. 

It  should  be  noted  that  the  absorption  is  con¬ 
tinuous  rather  than  discrete.  This  agrees  with 
the  work  of  Korff  and  Present”  wherein  they 
point  out  that  photodissociation  and  predissoci¬ 
ation  in  polyatomic  molecules  should  result  in 
continuous  absorption  spectra  in  the  ultra-violet. 

The  absorption  spectrum  of  a  gas  taken  at  room 
temperature  will  consist  of  allowed  transitions  from 
the  ground  state  to  the  higher  states.  Taking  the 
value  of  10.2  volts  as  the  first  ionization  potential, 
we  should  expect  a  convergence  of  the  Rydberg 
series  to  show  this  in  the  far  ultra-violet  at  X  1200. 
The  longest  observed  wave  length  absorption  line, 
namely  X  2100,  would  correspond  to  a  transition 
from  the  ground  state  to  the  first  non-metastable 
state  above  the  ground  state.  The  verification  of 
this  scheme  would  consist  in  examining  the  ab¬ 
sorption  spectrum  in  the  vacuum  ultra-violet  in 
order  to  ascertain  whether  the  spectrum  shows  the 
continuous  absorption  which  is  to  be  expected  on 
the  basis  of  predissociation. 

If  we  accept  a  planar  structure  for  BFj,  we  have 
the  following  model  of  the  BF3  molecule.  Three 
fluoride  atoms,  each  having  one  more  additional 
electron  than  atomic  fluorine,  surround  a  boron 
atom.  According  to  Pauling,*®  the  ionic  and 
atomic  radii  of  fluorine  are  1.33  A  and  0.64  A  re- 


Table  1 

A  Summary  or  the  Substances  Whose  Ionization 
Potentials  Were  Measured  in  this  Experiment 


Atom  or  Molecule 

Ionization  Potential 

A.  New  Data 

Ethyl  Acetate 

9.5  ±  0.5  volts 

Boron  Trifluoride 

10.2  ±  0.5  volts 

B.  Known  Data 

Neon 

20.8  ±  0.5  volts 

Methane 

15.2  ±  0.5  volts 

Ammonia 

10.1  ±0.5  volts 

Argon 

15.4  ±  0.5  volts 

Butane 

10.4  ±  0.5  volts 

Propane 

11.0  ±  0.5  volts 

molecule,  and  we  might  take  it  as  2  volts.  The 
energy  required  to  ionize  a  BFs  molecule  would 
then  be  8.2  volts,  the  ionization  potential  of  boron 
plus  2  volts  of  electron  affinity,  thus  making  up  the 
observed  10.2  volts. 
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SECTION  OF  BIOLOGY 


hypothalamus  and  regul.\tion  of 
FOOD  intake* 

By  JOHN  R.  BROBECKf 

The  hypothalamus  is  believed  to  be  the  level  of 
the  central  nervous  system  most  directly  concerned 
with  the  regulation  of  food  intake.  Within  the 
hypothalamus,  two  mechanisms  appear  to  be 
separable.  One,  in  the  lateral  regions,  is  required 
for  eating  and  has  been  called  a  feeding  center. 
The  other,  in  the  medial  hypothalamus,  evidently 
acts  to  inhibit  either  the  lateral  mechanism  or 

*  This  is  an  abstract  of  a  paper,  iliustrated  with  lantern  slides, 
presented  as  part  of  a  Symposium  entitled  Recent  Studies  on  the 
Biology  of  Hypothalamus,  at  the  meeting  of  the  Section  on  Febru¬ 
ary  9,  1953. 

t  Department  of  Physiology,  University  of  Pennsylvania,  Phila¬ 
delphia,  Pa. 


lower  mechanisms  which  take  part  in  feeding.  The 
medial  mechanism  is  possibly  concerned  with 
satiety,  while  the  lateral  one  may  be  responsible 
for  appetite. 

Deprivation  of  food,  as  well  as  feeding,  probably 
induces  changes  within  the  body  which  act  upon 
the  hypothalamus,  but  the  nature  of  these  changes 
is  uncertain.  Sensations  from  the  stomach  and 
intestine  may  be  important,  although  it  appears 
more  probable  that  alterations  in  the  composition 
of  body  fluids,  or  in  the  intermediary  metabolism, 
provide  the  basis  for  regulation  of  food  intake. 
Further  study  is  necessary  to  decide  whether  some 
one  factor  will  explain  all  observations,  or  whether 
a  multiple  factor  hypothesis  may  be  needed. 


ROLE  OF  HISTAMINE  IN  THE  HYPO- 

thalamo-hypophyseal  response 

TO  STRESS* 

By  ROGER  GUILLEMIN  and 
CLAUDE  FORTIERt 

For  several  years,  the  trigger  mechanism  of  the 
pituitary-adrenal  response  to  stress  has  been  the 
object  of  lively  debate  and  of  much  conflicting 
evidence,  which  it  is  beyond  the  scope  of  this  paper 
to  review.  In  the  course  of  our  work  on  the  sub¬ 
ject  and  upon  perusal  of  the  literature,  it  became 
manifest  that,  of  the  various  factors  independently 

*  This  mper,  illustrated  with  lantern  slides,  was  presented  as 
part  of  a  Symposium  entitled  Recent  Studies  on  the  Biology  of 
Hypothalamus,  at  the  meeting  of  the  Section  on  February  9, 
1953. 

t  Institut  de  M^decine  et  Chirurgie  Exp^rimentales,  University 
of  Montreal,  Montreal,  Canada. 


shown  to  play  a  r61e  in  the  activation  of  the 
pituitary  adrenocorticotrophic  function,  such  as 
the  control  exerted  by  the  hypothalamus  or  the 
systemic  blood  level  of  adrenal  cortical  hormones  or 
of  adrenaline,  none  is  essential  to  the  release  of 
ACTH  under  all  conditions  of  stress.  We  were 
led  to  believe,  therefore,  that  the  responsible 
mechanism  might  vary  with  the  nature  of  the 
stressing  conditions.* 

As  a  confirmation  of  this  view,  we  observed  in 
the  rat  that  interruption  of  the  hypothalarao- 
hypophyseal  pathways  suppressed  the  release  of 
ACTH  consequent  to  “neurotropic”  stimulation 
(intense  sound,  immobilization),  through  trans¬ 
plantation  of  the  pituitary  to  a  distant  site,  while 
allowing  a  normal  response  to  so-called  “systemic 
stimuli”  (exposure  to  cold,  adrenaline  or  histamine 
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injections).  Hence  we  assumed  that  the  activat¬ 
ing  effect  of  the  former  stimuli  was  mediated 
through  hormonal  means,  while  the  latter  in¬ 
fluenced  the  pituitary  through  neural  pathways 
originating  in  the  hypothalamus.* 

The  thorough  and  ingenious  studies  of  Harris, 
Hume  and  their  co-workers  have  underlined  the 
importance  of  this  hypothalamic  control.  De 
Groot  and  Harris,*  working  with  rabbits,  showed 
that  electrical  stimulation  of  the  tuber  cinereum 
and  of  the  mammillary  bodies,  by  means  of  a  re¬ 
mote  control  stereotaxic  device,  activated  the  pitui¬ 
tary  with  a  resulting  fall  of  blood  lymphocytes  and 
that,  conversely,  lesions  similarly  located  depressed 

Table  1 

Adaptation  to  the  Non-Specific  Adrenocortico- 

TROPHIC  EPPECTS  OP  A  ANTIHISTAMINE  SUBSTANCE, 

Phenergan  (3277  R.P.).  Persistence  op  Specipic 
Pharmacologic  Properties 


Treatment 


Adrenal  Ascorbic  Acid 
■y/lOO  mg. 


None 

Phenergan  (1  day) 

None 

Phenergan  (4  days) 

'  None 

Phenergan  (7  days) 

None 

Phenergan  (11  days) 

None 

Phenergan  (16  days) 

'  Histamine 

Hbtamine  -1-  Phenergan 
(16  days) 


329  ±  67 
238  ±  37 
306  dr  24 

226  dr  11 

429  rfc  21 
457  dr  56* 
360  dr  18 
422  ±  20* 
378  dr  31 
306  rfc  24* 
221  dr  15 
340  dr  26* 


Regarding  the  last  mentioned  possibility,  hista¬ 
mine,  when  locally  applied  to  hypophyseal  trans¬ 
plants  in  the  rat,  was  shown  by  one  of  us‘®  to 
exhibit,  in  common  with  adrenaline,  a  direct  ACH’H- 
releasing  effect,  evidenced  by  the  consequent  fall 
of  blood  eosinophils.  High  concentrations  of  this 
substance,  moreover,  were  detected  by  Harris 
et  al.^^  in  the  median  eminence  as  well  as  in  the 
anterior  and  posterior  lobes  of  the  pituitary  of 
various  animals.  To  quote  these  investigators: 
“In  contrast  to  sympathetic  ganglia,  the  histamine 
concentration  of  the  anterior  and  posterior  lobe  of 
the  pituitary,  the  hypothalamus  and  median  emi¬ 
nence  varies  greatly  in  different  individuals  of  the 
same  species.  The  range  of  individual  variation 

Table  2 

Inpluence  op  Pre-Treatment  with  Phenergan 
(3277  R.P.)  ON  THE  Adrenal  Ascorbic  Acid 
Response  to  Various  Stimulating  Agents 


Treatment 

Adrenal  Ascorbic 
Acid  y/lOO  mg. 

%of 

Discharge 

None 

378  ±  31 

— 

PhenerRan 

306  ±  24 

-19 

Histamine 

221  ±  15 

-42 

Cold 

207  ±  22 

-47 

Sound 

222  ±  13 

-42 

Immobilization 

154  ±  45 

-59 

Phenergan  -f-  Histamine 

340  ±  26 

-10 

Phenergan  -f-  Cold 

223  ±  14 

-41 

Phenergan  -j-  Sound 

255  ±  19 

-32 

Phenergan  -|-  Immobiliza- 

195  ±  28 

-48 

tion 

‘Difference  from  control  value  not  statistically  significant. 

or  abolished  the  pituitary-adrenal  response  to 
emotional  stress.  Hume,  who  originally  assigned, 
on  the  basis  of  his  observations  in  the  dog,  a  more 
anterior  site  to  the  nervous  controlling  centers,* 
has  lately  confirmed  these  results,*  which  should 
be  correlated  with  Porter’s  interesting  demon¬ 
stration  of  a  marked  increase  in  the  electrical  ac¬ 
tivity  of  the  posterior  hypothalamus  under  the 
influence  of  stress.* 

According  to  Harris,*-  *  the  scarcity  of  direct 
nervous  connections  between  the  hypothalamus 
and  the  adenohypophysis  makes  it  probable  that 
both  structures  are  linked  functionally  by  the 
portal  system  of  vessels  first  described  by  Popa 
and  Fielding,*  and  through  which  would  be  con¬ 
veyed  to  the  gland  a  neuro-humoral  substance 
released  by  the  nerve  terminals  of  the  median 
eminence.  This  substance,  unidentified  as  yet, 
might  theoretically  originate  from  terminals  of  an 
adrenergic,  cholinergic  or  histaminergic  nature. 


in  the  histamine  concentration  is  narrower  in  the 
median  eminence  than  in  the  anterior  lobe.  This 
fact  might  be  taken  to  indicate  the  possibility  that, 
in  the  median  eminence,  histamine  may  be  related 
to  nerve  terminals  whence  histamine,  dependent 
on  the  state  of  activity,  is  carried  to  the  anterior 
lobe  in  quantities  anywhere  between  minimal  and 
maximal.  It  is  possible  that,  in  the  hypothalamus, 
histamine  is  contained  mainly  in  those  neurones 
which  terminate  in  the  median  eminence.” 

It  wastheobject  of  the  present  study  to  elucidate 
the  possible  rdle  of  histamine  as  a  neuro-humoral 
link  between  the  hy^wthalamus  and  the  anterior 
pituitary  in  the  latter’s  response  to  nervous  stimu¬ 
lation,  or  as  one  of  the  humoral  mediators  of  the 
adrenocorticotrophic  effect  of  systemic  stress.  Ac¬ 
cordingly,  the  discharge  of  adrenal  ascorbic  acid 
being  used  as  an  index  of  pituitary-adrenal  activa¬ 
tion,  the  comparative  response  to  both  varieties  of 
stimuli  was  studied  in  rats,  following  histaminergic 
blockade. 
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Phenergan,  the  antihistaminic  drug  utilized  for 
this  purpose,  being  itself  endowed  with  a  marked 
activating  effect  on  the  pituitary,  it  proved  neces¬ 
sary,  as  a  preliminary  step;  (1)  to  attempt  to 
dissociate  this  non-specific  ACTH-releasing  effect 
from  its  specific  pharmacologic  properties;  (2)  to 
demonstrate  the  ability  of  this  drug,  under  these 
conditions,  to  suppress  the  normal  adrenal  ascorbic 
acid  response  to  histamine.  Only  then,  could  the 
histaminergic  blockade  be  ascertained  and  its  effect 
on  the  mechanism  under  consideration  properly 
evaluated. 

According  toSelye’s  theory  of  the  general  adapta¬ 
tion  syndrome,  the  second  phase  of  this  triphasic 
response  of  the  organism  to  non-specific  stress  is, 
in  his  own  terminology,  a  phase  of  resistance  in 
which  alarming  stimuli,  previously  strongly  cortico- 
trophic,  fail  to  show  any  longer  their  ACTH-re- 
leasing  effects. 

We  thought,  therefore,  that  repeated  adminis¬ 
tration  of  the  antihistaminic  drug  would  lead  to  a 
“state  of  resistance”  in  which  we  would  be  able  to 
associate  the  non-specific  ACTH-releasing  effect 
from  the  pharmacologic  properties  of  the  drug. 

This  was  achieved  after  about  ten  days  of  re¬ 
peated  administration  of  Phenergan.  Under  these 
conditions,  we  observed,  nevertheless,  a  complete 
inhibition  of  the  normal  adrenal  ascorbic  acid  dis¬ 
charge  in  response  to  histamine  injection  (table  1). 

These  prerequisites  having  been  established,  we 
then  studied  in  similarly  prepared  animals  the 
adrenocorticotrophic  response  to  neurotropic  and 
systemic  stimuli.  Neurotropic  stimuli  included 
auditory  stimulation,  by  exposure  to  intermittent 
sound  generated  by  an  air  raid  siren  and  immobili¬ 
zation,  by  wrapping  up  the  animal  w’ith  adhesive 
tape  in  the  dorsal  decubitus.  Systemic  stress 
included  cold  exposure  at  O.Z^C.  and  histamine 
administration. 

In  none  of  the  stressful  situations,  except  hista¬ 
mine  administration,  did  we  alter  the  adrenal 


ascorbic  acid  response  by  pretreatment  with 
Phenergan  (table  2). 

These  results  do  not  support  the  view  that 
histamine  may  be  an  important  factor  and,  in  no 
way,  an  indispensable  link  in  hypothalamo-pitui- 
tary  alteration  due  to  neurotropic  stress.  They 
also  disregard  histamine  as  the  only  humoral  agent 
responsible  for  pituitary  stimulation  by  systemic 
stress. 

The  possibility  of  easily  dissociating  the  non¬ 
specific  corticotrophic  properties  from  the  specific 
pharmacologic  effects  of  various  drugs  seems  to  us 
of  definite  interest  in  view  of  the  studies  on  the 
mechanism  of  hypothalamus-pituitary  activation 
by  stress. 
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SECTION  OF  PSYCHOLOGY 


A  NEW  APPROACH  TO  A  SYNTHESIS  OF 
NEUROLOGY  AND  PSYCHOLOGY* 

By  HANS  REICHENBACH 

In  the  following  pages,  I  shall  try  to  present 
instances  of  psychophysiological  parallelism.  It 
is  a  widely  accepted  view  that  psychological  and 
brain-physiological  processes  are,  in  a  sense,  cor¬ 
related.  That  is  to  say,  for  every  statement  made 
by  a  psychologist,  there  is  a  corresponding  state¬ 
ment  in  the  realm  of  physiology.  If  a  psychologist 
uses  the  concept  “optical  memories,”  the  physiolo¬ 
gist  uses  the  concept  “signal  formed  in  a  certain 
part  of  the  brain,”  etc.  Thus,  we  can  “translate” 
to  and  fro  between  neurology  and  psychologj’  as 
between  English  and  French.  In  the  present 
paper,  I  shall  dwell  on  this  idea  with  the  aim  of 
interrelating  these  two  sciences. 

One  of  the  fundamental  notions  in  my  work  is  to 
regard  instincts  as  the  “psychological  correlate”  of 
organs.  This  can  be  explained  in  the  following 
way:  Whenever  an  organ  functions,  it  behaves  as 
though  it  was  guided  by  an  instinct  to  do  this  work. 
It  coordinates  movements  towards  certain  aims. 
If  obstacles  are  put  in  its  way,  it  will  exert  pressure 
against  them,  or  even  get  around  them.  An  action 
of  an  organ  cannot  be  distinguished  from  an 
action  that  is  guided  by  instinct.  So  I  say  that,  in 
psychology,  the  word  “instinct”  plays  the  same 
role  as  the  word  “organ”  in  physiology.  When 
translating  from  psychology  to  physiology  we  can 
put  “organ”  in  the  place  of  “instinct”  and  vice 
versa. 

This  is  seen  particularly  when  comparing  in¬ 
stincts  with  reflexes.  In  a  simple  reflex,  we  seldom 
observe  a  coordination  of  movements  toward  cer¬ 
tain  aims.  We  observe  a  reaction  of  the  kind  that 
we  find  in  simple  mechanical  systems,  i.e.,  in 
systems  where  there  is  not  much  of  that  which  we 
call  “organization.”  When  a  reflex-center  grows 
and  subdiflerentiates,  its  actions  will  gradually 
show  a  higher  coordination  of  movements.  It  will 
exert  more  and  more  opposition  to  obstacles.  It 
will  become  a  little  “ego,”  an  individual  who  wants 
to  do  certain  things,  and  who  makes  himself 
noticed  when  he  has  nothing  to  do  for  some  time. 
By  then,  the  center  will  have  developed  into  a  full- 
sized  organ,  and  now  its  reactions  will  fall  under 
the  heading  of  “instinct”  rather  than  “reflex.” 

*This  paper  was  presented  at  the  meeting  of  the  S.'Ction  on 
February  16,  1953. 


This  notion  permits  us  to  study  Freud’s  theory 
of  instincts  as  a  theory  of  organs,  and  to  extend 
views  concerning  the  growth  of  organs  into  the 
field  of  psychology. 

In  this  discussion,  I  have  found  it  necessary  to 
define  the  word  “organ”  in  a  way  that  is  slightly 
different  from  the  customary  definition.  When 
parts  of  an  organism  are  highly  interdependent, 
they  work  as  one  unit  even  if  they  lie  far  apart. 
Therefore,  I  say:  An  organ  is  a  unit  where  the 
interdependence  between  the  parts  is  relatively 
great  compared  with  the  interdependence  between 
this  unit  and  the  rest  of  the  body.  Any  unit  of 
this  kind  has  the  character  of  being  a  little  indi¬ 
vidual  by  itself.  It  may  cooperate  with  the  group 
or  oppose  the  others,  etc.  Frequently,  some  part 
of  an  organism  is  highly  interdependent  with 
another  part  in  some  aspects,  while  being  inde¬ 
pendent  of  it  in  some  other  aspects.  The  same 
applies  to  instincts,  since  they  too  blend  in  with 
each  other  in  some  aspects  while  being  independent 
of  each  other  in  some  other  properties.  I  presume 
that,  for  every  distinct  instinct,  there  is  some 
distinct  organ  in  the  nervous  system. 

The  idea  that  instincts  can  be  regarded  as  organs 
has  been  emphasized  already  in  the  work  of  K. 
Lorenz,  an  animal  psychologist.  He  illustrates  the 
usefulness  of  this  notion  by  interesting  observa¬ 
tions.  Let  me  just  refer  to  one  of  them.* 

Five  young  ducks  of  the  species  Cairina  moschata 
were  hatched  and  taken  care  of  for  seven  weeks  by 
a  pair  of  gray  lag-geese.  Ten  months  later  the 
birds  became  sexually  mature.  Then  it  was  found 
that  one  of  the  ducks  showed  no  sexual  interest  for 
members  of  its  own  species.  Its  sexual  impulses 
were  directed  toward  gray  lag-geese,  even  though 
this  bird  had  not  had  any  contact  with  its  foster- 
parents  for  ten  months.  During  that  ten-month 
period  the  bird  had  lived  like  ils  brothers  and 
sisters,  and  had  attached  to  them  all  the  social 
impulses  of  the  period  of  growing  up.  The  bird 
had  developed  a  fixation  or,  as  Lorenz  says,  an 
“imprint.” 

Summing  up  the  results  of  many  observations 
of  this  kind,  Lorenz  comes  to  the  conclusion  that 
imprints  are  formed  only  during  certain  phases  of 
life,  notably  during  early  infancy.  Imprints  are 
frequently  caused  by  events  that,  at  first  sight, 
seem  to  be  quite  insignificant.  One  would  not 
expect  them  to  have  such  large  consequences. 
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Once  an  imprint  has  been  formed,  it  becomes  a 
permanent  part  of  the  bird’s  character.  From 
thereon,  the  bird  will  react  as  though  this  imprint 
was  one  of  its  natural  instincts  and  as  though  it 
had  been  bom  with  it. 

Thus,  the  observations  of  Lorenz  show  great 
similarities  to  those  of  Freud,  who  studied  human 
beings.  An  advantage  in  Lorenz’s  work  is  that 
the  fixations  in  birds  are  of  a  simpler  character 
than  those  of  human  beings.  Therefore,  they  can 
be  studied  more  easily  by  experimental  methods. 

Lorenz  compares  his  findings  with  some  observa¬ 
tions  that  have  been  made  in  embryology.  There 
are  certain  phases  in  the  development  of  cell 
tissues  in  which  a  tissue  expects  an  influence  from 
the  outside — an  organizer  (e.g.,  a  hormone) — to 
direct  the  tissue  toward  a  new  phase  of  develop¬ 
ment.  We  can  place  an  eye  organizer  on  that 
tissue.  Then,  it  may  happen  that  the  tissue  will 
develop  into  an  eye,  even  though  it  would  normally 
have  been  directed  by  some  other  organizer  in 
some  other  direction  of  development.  .\n  or¬ 
ganizer  can  affect  a  tissue  only  during  a  limited 
period  of  growth.  Moreover,  it  does  not  have  to 
produce  any  great  changes  immediately.  It 
merely  provides  the  cue  to  develop  in  a  certain 
direction.  As  soon  as  the  tissue  is  on  the  way 
toward  this  new  form,  the  organizer  is  no  longer 
needed.  Growth  continues  at  its  own  momentum, 
and  in  such  a  way  as  though  the  tissue  had  always 
expected  to  develop  in  this  way. 

Lorenz  emphasizes  that  the  acquirement  of  im¬ 
prints  is  very  similar  to  the  induction  of  a  sub¬ 
differentiation  by  an  organizer.  This  is  a  point  in 
which  the  development  of  instincts  shows  great 
similarity  to  the  development  of  organs.  It  seems 
to  me  that  this  is  a  very  fertile  view.  It  leads  far 
into  the  problems  that  are  studied  by  psycho¬ 
analysis. 

Thus,  my  idea  that  instincts  can  be  regarded  as 
organs  is  by  no  means  new.  But  there  is  a  certain 
difference  in  the  way  we  state  it.  Lorenz  seems  to 
regard  instincts  as  a  special  type  of  organ.  I 
regard  the  word  “instinct”  as  the  psychological 
correlate  of  the  word  “organ.”  This  difference  is 
unimportant  in  most  experimental  work  on  the 
subject,  but  it  becomes  significant  in  theoretical 
discussions. 

When  we  extend  these  views  to  the  study  of 
human  beings,  we  have  to  consider  the  problem  of 
memory.  In  human  beings,  instincts  are  modified 
by  ontogenetically  acquired  memories  to  such  an 


extent  that  these  mental  “organs”  acquire  peculiar 
properties.  Here  we  are  dealing  with  “drives”* 
rather  than  “instincts.” 

It  is  usually  assumed  that  memories  are  collected 
in  the  brain  as  in  a  museum.  We  seem  to  have  a 
big  file  of  memory  items,  “engrams,”  “bits,”  stored 
up  in  some  corner  of  the  brain.  Others  imagine 
that  here  something  like  a  film,  a  continuous  strip 
of  material,  is  being  deposited.  All  these  views 
have  the  great  disadvantage  that  it  is  difficult  to 
conceive  how  these  collections  can  be  regulated. 
Memory  items,  being  living  units,  would  have  to 
be  fed,  and  we  would  have  to  be  able  to  switch 
from  one  to  the  other  whenever  we  think.  How 
can  the  brain  save  itself  from  a  paralyzing  bureau¬ 
cracy  in  regulating  this  library?  Moreover,  the 
experience  of  brain-surgery  has  led  to  the  discovery 
that  the  brain  has  most  uncanny  abilities  of  self¬ 
regulation.  When  nerves  are  disconnected  and 
then  connected  with  other  nerves,  so  that  signals 
are  sent  in  a  wrong  way,  it  frequently  happens  that 
the  tissue  that  contains  these  nerves,  functions  in 
the  same  manner  as  before,  as  though  the  signals 
had  not  l)een  redirected.  We  do  not  have  much 
knowledge  concerning  self-regulation  in  memory 
centers;  but  our  knowledge  of  brain-physiology  on 
the  whole  is  such  that  we  hesitate  to  accept  any 
view  in  which  the  author  presupposes  a  system  of  ■. 
gadgets  that  can  easily  break  down.  ' 

My  approach  to  these  problems  has  led  me  to  a 
theory  of  another  sort.  Whenever  an  organism  is  1 
adapted  to  its  environment,  it  reacts  as  though  it  ' 
remembered  the  various  parts  of  this  environment.  I 
A  sheep  will  run  away  whenever  it  smells  a  wolf. 
The  sheep  has  been  adapted  to  the  environment  | 
that  contains  wolves.  It  has,  therefore,  a  way  of  . 
reacting  as  though  it  remembered  that  wolves  are 
dangerous.  At  present,  we  do  not  have  to  consider 
whether  the  sheep  has  been  adapted  to  wolves 
ontogenetically  or  phylogenetically.  It  will  dis¬ 
play  this  form  of  reaction  in  either  case. 

In  autumn,  it  may  happen  that  the  sheep  gets  a 
thick  coat.  Here,  the  organism  reacts  as  though  it 
remembered  that  winter  comes  around  this  time, 
of  the  year,  and  a  thick  coat  will  be  necessary 
The  word  “adaptation”  refers  to  a  state  of  acting 
as  though  certain  things  were  remembered  and 
these  memories  used  in  a  reasonable  way. 

*  My  definition  of  the  word  “drive”  is  the  same  as  the  definition 
of  the  German  word  “Trieb."  Any  wish  that  is  too  complex  to 
be  regarded  as  a  simple  reflex  is  a  drive.  The  wish  to  eat  is  both 
an  instinct  and  a  drive.  The  wish  to  eat  at  the  Brown  Derby  is  a 
drive  but  not  an  instinct. 
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Conversely,  whenever  we  use  memories  in  a  rea¬ 
sonable  way,  we  show  that  we  are  adapted  to  the 
environment.  The  activity  of  acquiring  memories 
in  order  to  use  them  in  a  reasonable  way  (i.e.,  the 
activity  of  learning  something)  may  be  called  an 
effort  of  adaptation.  I  come  to  the  conclusion 
that  the  following  two  sentences  have  the  same 
meaning:  (1)  The  individual  is  adapted  to  the 
environment;  (2)  The  individual  acts  as  though  it 
remembered  various  parts  of  the  environment  and 
used  these  memories  in  a  reasonable  way. 

That  the  sentences  have  the  same  meaning 
means  that  they  say  the  same  thing  in  different 
words.  We  can  interchange  them  in  any  de¬ 
scription,  just  as  we  interchange  synonymous 
words. 

1  have  phrased  sentence  (2)  in  a  behavioristic 
manner.  I  do  not  yet  say  that  the  individual  re¬ 
members  things.  I  only  say  he  reacts  as  though  he 
remembered  these  things.  From  this  behavioristic 
statement,  however,  we  can  easily  come  to  the 
psychological  statement,  “The  Individual  remem- 
l)ers  these  things.”  When  we  see  a  dog  or  a  human 
being  go  to  lunch  upon  hearing  the  lunch  bell,  we 
say  he  remembers  that  the  bell  rings  when  lunch 
begins.  We  could  also  have  said  he  acts  as  though 
he  remembered  that  the  bell  rings  when  lunch 
begins.  The  first  statement  is  a  statement  in  the 
language  of  psychology.  The  second  statement  is 
a  statement  in  the  language  of  the  behaviorist  or 
the  physiologist.  These  two  statements  are  cor¬ 
related.  They  refer  to  one  and  the  same  thing. 
Therefore,  we  can  add  a  third  sentence  to  the 
above-mentioned  group  of  two  sentences:  (3)  the 
individual  remembers  the  various  parts  of  the 
environment  and  uses  the  memory  in  a  reasonable 
way. 

Sentence  (3)  has  the  same  meaning  as  the  sen¬ 
tences  (1)  and  (2);  or,  more  correctly  speaking,  it 
has  the  same  meaning  within  certain  limits.  We 
do  not  like  to  use  sentence  (3)  when  we  refer  to 
brainless  creature  such  as  plants.  Then  we  restrict 
ourselves  to  sentences  (1)  and  (2).  Thus,  sentence 
(3)  does  not  have  quite  the  same  meaning  as  the 
two  others,  but,  as  long  as  w'e  deal  with  brain- 
processes,  we  can  use  the  three  sentences  inter¬ 
changeably. 

This  implies  that  the  law’s  of  adaptation  and  the 
laws  of  memory  are  equivalent.  We  can  study  the 
one  by  studying  the  other.  So  I  have  studied  the 
memory  process  by  becoming  acquainted  with  the 
law’s  of  adaptation  in  the  general  field  of  biology. 


and  draw’ing  conclusions  about  the  brain  from  that 
basis. 

The  first  observation  that  strikes  us  now’  in  the 
general  field  of  biology  is  that  most  organisms  do 
not  contain  anything  that  could  be  called  a 
“library  of  memory  traces.”  When  the  sheep 
grows  a  thick  coat,  it  shows  a  way  of  reacting  as 
though  it  remembered  that  winter  was  coming. 
But  where  is  the  object  that  we  would  call  the 
“memory  picture”  of  winter?  Or,  w’hen  the  sheep 
runs  away  when  smelling  a  w’olf,  we  do  not  pin 
dow’n  any  particular  part  of  the  sheep  as  “the 
memory  picture”  of  a  wolf.  The  smell  of  the  wolf 
agitates  the  hormone-producing  glands,  the  hypo¬ 
thalamus,  and  many  other  regions  and,  as  a  result, 
the  sheep  begins  to  run. 

If  the  sheep  has  acquired  the  habit  of  running 
away  from  w’olves  through  ontogenetic  experience, 
we  usually  make  the  assumption  that,  in  some  part 
of  the  brain  of  the  sheep,  we  must  now  find  a 
memory  picture  of  a  wolf.  But  why  should  the 
sheep  that  runs  away  from  wolves  on  account  of 
ontogenetic  experience  differ  in  any  point  from  a 
sheep  that  does  the  same  by  virtue  of  its  hereditary 
disposition?  The  flow  of  reactions  on  the  sheep 
may  be  the  same  in  either  case.  If  it  is  not  the 
same,  there  is  still  no  reason  to  assume  that,  after 
ontogenetic  adaptation  processes,  we  should  find 
memory  pictures  of  the  conventional  type,  since  we 
see  that  phylogenetic  adaptation  processes  do  not 
necessarily  lead  to  the  formation  of  pictures  of  this 
kind.  Thus,  we  can  conceive  the  possibility  of 
finding  that  the  brain  of  the  most  intellectual 
sheep  or  human  being  does  not  contain  memory 
pictures  any  more  than  some  organ  that  has  gone 
through  a  phylogenetic  adaptation  process. 

Nevertheless  there  is  something  about  this  word 
“memory  picture.”  It  reappears  in  a  different 
way  when  we  consider  the  following.  A  physiolo¬ 
gist  who  examines  the  sheep  may  be  led  to  the 
conclusion,  “This  animal  will  develop  a  thick  fur  in 
winter,”  or  “This  animal  is  such  that  it  will  run 
away  when  it  smells  a  wolf.”  A  careful  investi¬ 
gation  should  reveal  these  properties.  Thus,  the 
animal  has  properties  that  enable  us  to  draw  con¬ 
clusions  about  its  natural  environment.  The  ani¬ 
mal  may  be  called  a  “mirror  image”  of  the  environ¬ 
ment,  or  a  “function”  of  the  environment.  Every 
important  event  in  the  environment  is  reflected  in 
the  structure  of  the  animal.  When  the  animal  has 
a  thick  fur,  we  can  just  “see”  that  its  environment 
is  cold,  just  as  when  looking  into  some  kind  of  a 
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mirror.  Thus,  the  animal,  as  a  whole,  may  be 
regarded  as  a  picture  of  its  environment.  Here  the 
word  “memory  picture”  reappears.  The  picture 
we  see  when  looking  at  the  animal  tells  us  every¬ 
thing  that  the  animal  is  supposed  to  remember. 

Sometimes,  we  single  out  a  special  part  of  the 
animal  as  the  object  that  tells  us  something.  The 
memory  of  winter  is  told  completely  by  the  thick 
fur,  this  one  part  of  the  sheep.  At  other  times,  we 
do  not  single  out  particular  parts  in  this  manner. 
In  either  case  we  should  note  that  the  parts  of  the 
animal  do  not  form  a  loose  heap  of  items.  They 
are  interrelated  in  various  ways.  The  sheep  repre¬ 
sents  a  single  picture  with  many  details  rather  than 
a  group  of  pictures.  Thus,  if  we  single  out  the  fur 
as  the  memory  picture  of  winter,  we  still  do  not 
get  the  impression  that  the  fur  is  contained  in  the 
sheep  in  the  way  in  which  a  picture  is  contained  in 
a  catalogue.  The  fur  is  a  part  of  a  larger  unit. 
All  this  amounts  to  saying  that  the  sheep  as  a  whole 
is  one  large  memory  picture  of  its  environment. 
It  is  not  a  catalogue  in  which  a  number  of  pictures 
are  listed  side  by  side. 

This  can  be  applied  to  the  human  brain  as  well. 
When  a  human  being  has  learned  something,  his 
brain  has  become  a  function  of  the  subject  matter 
to  be  learned.  An  extremely  careful  physiologist 
should  be  able  to  discover  what  the  person  has 
learned  by  studying  his  brain.  The  brain  may  be 
called  a  mirror  image  of  the  objects  with  which  th  e 
person  has  become  acquainted  but,  being  a  mirror 
image,  it  does  not  necessarily  create  the  impres¬ 
sion  of  containing  a  collection  of  items,  anymore 
than  the  above-mentioned  sheep. 

Thus,  we  come  to  the  conclusion  that,  when  an 
instinctual  demand  is  modified  through  a  process  of 
learning,  we  have  a  situation  of  the  same  kind  as 
when  an  organ  goes  through  an  ontogenetic  adapta¬ 
tion  effort.  This  means  that  a  drive,  like  an  in¬ 
stinct,  may  be  regarded  as  the  psychological 
correlate  of  an  organ.  This  organ  may  have  gone 
through  an  ontogenetic  adaptation  process. 


Let  us  compare  the  drive  to  eat  potatoes  with  the 
drive  to  go  by  car  to  the  Brown  Derby  and  eat 
potatoes  there.  Both  drives  are  correlates  of 
organs.  We  can  easily  conceive  the  second  organ 
as  a  further  development  of  the  first  organ,  and  we 
see  that  this  further  development  is  the  result  of 
adaptation  to  modern-society  conditions.  The  two 
organs  must  differ  in  shape.  Maybe  they  differ 
in  shape  in  the  way  in  which  the  paw  of  a  highly 
specialized  cat  differs  from  the  primitive  foot  of  the 
early  mammals.  At  any  rate,  a  difference  in  shape 
of  this  kind  could  account  for  all  the  peculiarities 
we  have  in  mind  when  we  speak  of  “memory  of  the 
Brown  Derby.”  Thus,  instead  of  conceiving  the 
brain  as  being  filled  by  a  “collection”  of  memory 
items,  we  can  conceive  it  as  being  a  system  of 
interrelated  organs  (the  physiological  correlates  of 
drives).  The  problem  of  regulating  this  system  is 
essentially  similar  to  that  of  regulating  any  other 
system  of  organs.  Thus,  we  can  avoid  some  of 
the  difficulties  that  would  be  raised  if  we  tried  to 
picture  the  physiological  problems  of  maintaining 
a  collection  of  items. 

It  should  be  pointed  out,  however,  that  my 
theory  of  the  memory  process  does  not  exclude  the 
possibility  of  a  collection  of  memory  items.  I 
merely  want  to  show  that,  under  certain  circum¬ 
stances,  we  can  dispense  with  that  notion.  It 
seems  to  me  that  the  truth  lies  somewhere  between. 
We  can  imagine  a  compromise  solution  between  the 
two  views  mentioned. 

The  thinking  process  as  a  w'hole  can  be  regarded 
as  a  play  of  drives.  Therefore,  a  further  develop¬ 
ment  of  these  views,  has  led  me  to  a  new  theory  of 
the  thinking  process — finding  the  physiological 
correlates  of  such  phenomena  as  logical  thinking, 
the  asking  of  questions,  repression  of  forbidden 
wishes,  dream  formation,  and  others. 
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CONCEPTS  OF  THE  EFFECTIVE  MODULUS 
OF  ELASTICITY* 

By  ABRAHAM  SLAVINf 

Introduction.  This  paper  presents  an  abridg¬ 
ment  of  the  chronology  and  the  mathematical 
concepts  of  the  effective  (reduced)  modulus  of 
elasticity,  and  describes  the  Slavin  Moduli  of 
elasticity  which  are  based  on  simplified  linear 
mathematical  relations.  The  linear  postulates  are 
applicable  to  problems  in  buckling,  critical  load¬ 
ing,  and  stability  analysis,  for  structural  metals 
having  a  well  defined  yield  point  or  an  offset  yield 
stress. 

Stress-Strain  Relation.  A  graph  which  repre¬ 
sents  the  relationship  between  the  simultaneous 
readings  of  stress  and  strain  during  either  a  tension 
or  compression  te*"*  is  called  a  stress-strain  dia¬ 
gram.  Usually,  le.ision  tests  are  made  and  the 
resulting  data  is  assumed  applicable  for  compres¬ 
sion.  Part  of  a  typical  stress-strain  curve  for 
structural  carbon  steel  is  shown  in  figure  1.  The 
first  portion  of  the  curve,  from  zero  load  to  the 
proportional  limit,  P.L.,  or  the  elastic  range,  is 
characterized  by  a  substantially  constant  ratio 
and  is  assumed  to  be  a  straight  line  in  accordance 
with  Hooke’s  law.  Beyond  the  proportional 
limit,  in  the  inelastic  range,  the  strain  (deforma¬ 
tion)  increases  in  a  greater  rate  than  the  cor¬ 
responding  increase  in  stress  and  the  curve  departs 
from  a  straight  line  to  a  well  defined  yield  point, 
Y.P.,  for  structural  carbon  and  alloy  steels.  In 
aircraft  metals,  such  as  structural  aluminum  and 
aluminum  alloys,  the  departure  from  the  propor¬ 
tional  limit  is  gradual  and  not  to  a  defined  yield 
point.  To  account  for  this,  an  arbitrary  yield 
point,  referred  to  as  yield  stress,  Y.S.,  has  been 
established.  For  such  materials  in  engineering 
work,  a  standard  strain  offset  value  of  0.002  is 
taken  at  zero  stress  from  which  a  line  is  drawn 
parallel  to  the  line  of  proportionality  and  the  inter¬ 
section  of  such  line  with  the  curved  portion  of  the 
stress-strain  curve  determines  the  yield  stress,  as 
shown  in  figure  2  for  aluminum  24  S-T. 

In  the  elastic  range,  where  strains  are  taken  as 
proportional  to  stresses,  the  constant  ratio  is 
termed  the  modulus  of  elasticity  and  is  expressed 


*  This  paper,  illustrated  with  lantern  slides,  was  presented  at 
the  meeting  of  the  Section  on  February  20,  1953. 

t  Adjunct  Professor  of  Civil  Engineering,  Polytechnic  Institute 
of  Brooklyn,  N.  Y.:  Consulting  Engineer  and  Architect,  New 
York,  N.  Y. 


where  /  is  the  unit  stress  and  e  the  corresponding 
unit  strain. 

E,  within  the  elastic  range,  is  called  Young’s 
modulus,  after  the  scientist  who  is  credited  with 
its  first  determination.  It  is  also  termed  the  “co¬ 
efficient  of  elasticity”  or  the  “elastic  modulus.” 
The  elastic  modulus  refers  to  the  stiffness  of  the 
material  and  is  a  measure  of  its  resistance  to  de¬ 
formation.  High  values  of  E  are  desirable  in 
structural  metals  to  reduce  deflections  under  load. 

In  the  inelastic  range,  the  modulus  values  be¬ 
come  reduced.  Therefore,  when  a  column  is 
stressed  above  the  proportional  limit,  the  re¬ 
sistance  of  the  section  to  bending  deformation 
will  be  measured  by  El,  where  E  is  the  effective 
(reduced)  modulus  of  elasticity. 

In  the  following  part,  the  modulus  of  elasticity 
will  be  termed  the  modulus. 

Chronology  of  the  Concepts.  Considere*  pointed 
out  that  to  determine  the  value  of  E  it  is  necessary 
to  distinguish  the  outer  and  inner  fibres  in  relation 
to  the  bend  which  the  compression  member  under¬ 
goes.  For  the  outer  fibres  the  bend  determines  a 
lengthening  with  a  lessening  of  compression  and 
in  the  return  to  the  state  of  rest  the  metal  behaves 
as  if  it  were  elastic.  For  the  exterior  fibres  we 
have  E,  while  for  the  compressed  fibres  interior  to 
the  bend,  which  are  shortened,  a  reduced  modulus 
applies.  This  E  lies  between  E  and  the  tangent 
modulus  Et  in  the  inelastic  range.  He  noted 
that  E  was  a  function  of  the  unit  stress,  but  he 
did  not  present  any  theoretical  determination  of 
the  function  form. 

Engesser,*  in  his  discussion  of  buckling  of 
columns,  presented  the  tangent  modulus  theory. 
This  was  followed  by  Jasinski*  who,  discussing  the 
paper  by  Engesser,*  pointed  out  that  certain 
assumptions  therein  were  not  valid,  and  referred 
to  the  theory  by  Considere.*  Engesser,^  in  reply  to 
Jasinski,*  modified  the  theory  in  his  first  paper* 
by  admitting  that  in  the  Euler  column  formula: 


where  P  is  the  critical  column  load,  E  the  elastic 
modulus,  /  the  least  moment  of  inertia  of  the 
column  cross-section,  and  L  the  length.  Since 
E  is  greater  than  the  reduced  modulus  Et  the  use 
of  £  in  the  inelastic  range  produces  an  excess  of 
safety.  Engesser^  assumed  that  bending  stresses 
increase  in  proportion  to  the  distance  from  the 
bending  axis;  on  the  concave  side  in  the  ratio  of 
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the  tangent  modulus  Et  equal  to  the  differential 
quotient  df/de,  on  the  convex  side  in  the  propor¬ 
tion  of  the  elastic  modulus  E,  from  which 

where  /'  and  I"  are  the  moments  of  inertia  of  the 
portions  of  the  cross-sections  on  both  sides  of  the 
bending  axis  with  respect  to  such  bending  axis, 
and  I  is  the  moment  of  inertia  of  the  entire  cross- 
section  with  respect  to  the  axis  of  the  center  of 
gravity.  Therefore,  the  column  load  P  does  not 
appear  to  depend  on  I  but  on  some  function  of  the 
cross-section,  and  cross-sections  of  equal  moments 


modulus  modified  Euler  formula  for  its  applica¬ 
tion  to  the  inelastic  region,  reiterating  the  use  of 
Et  for  the  concave  side  of  the  column  and  E  for 
the  convex  side.  Basquin,’^  on  the  basis  of  his 
study  of  more  than  200  column  tests,  recommends . 
the  use  of  Et  and  regards  it  as  supevior  to  JEj . , 
Osgood*  reviewed  the  double  modulus  theory 
and  presented  evaluations  for  various  shapes  of 
cross-sections.  Borkmann*  suggests  an  expedient 
estimate  of  the  effective  modulus  for  structural 
steel,  herein  notated  Ei, ,  on  the  basis  of  a  linear 
relation  between  the  proportional  limit  and  the 
yield  point.  Shanley**-  **  and  the  Aluminum 
Company  of  America  Research  Laboratories,** 
conclude  that  Et  should  be  used  in  the  inelastic 
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UNIT  STRAIN 

FIG.  1  STRESS-STRAIN  CURVE 

of  inertia  but  of  different  shape  when  stressed 
beyond  the  elastic  range  do  not  yield  exactly  the 
same  buckling  strength. 

Von  Karman*  resumed  the  published  research 
on  the  effective  modulus  as  applied  to  buckling 
strength,  which  apparently  was  dormant  in  the 
literature  since  the  second  paper  by  Engesser.* 
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FIG. 2  STRESS-STRAIN  CURVE 

On  the  basis  of  the  parabolic  ultimate  load  short 
column  design  formulas,**-  **  a  practical  determina¬ 
tion  may  be  made  of  the  conservative  valued  re¬ 
duced  modulus  £u  .  which  is  of  a  lower  value  than 
Et  and  is  intended  to  allow  for  the  effect  of  the 
deviation  of  the  practical  column  from  the  cor¬ 
responding  ideal  column.  The  value  of  Eu  is 
readily  determined  by  solving  the  Euler  column 


He  also  assumed  that  E  may  be  used  for  the 
lengthened  fibres  on  the  outer  side  of  a  loaded 
column,  Et  for  the  concave  fibres,  and  derived  the 
double  modulus  Ed  for  stresses  in  the  inelastic 
range  in  terms  of  both  Et  the  tangent  modulus 
from  the  stress-strain  diagram,  and  E  the  elastic 
modulus.  Ed  will  always  be  between  the  values 
of  E  and  Et .  Von  Karman  also  indicated  that 
equation  (3)  is  valid  on  the  basis  of  the  elastic 
curve  of  bending. 

Southwell®  also  presented  the  theory  of  the 


equation,  modified  for  the  effective  modulus,  after 
substituting  the  slenderness  ratio  (L/r)  and  the 
corresponding  critical  compressive  unit  stress 
(/,)  as  obtained  from  the  ultimate  load  column 
design  formula,  and  expressing  Eu  =  Ea.t  one-half 
the  yield  point. 

The  authoj,*®-  *®-  *’  proposes  a  linear  effective 
modulus  E, ,  between  0.7  yield  point  and  the 
yield  point,  which  is  intended  for  structural 
steels.  This  simple  empirical  relation,  allows 
for  the  deviation  between  the  ideal  and  corre- 
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spending  practical  column  and  gives  considera¬ 
tion  to  the  proportional  limit  stress  above  half 
the  yield  point.  If  seven  tenths  of  the  yield  point 
value  is  above  the  known  value  of  the  proportional 
limit,  E,  does  not  apply  and  in  its  place  Et,  is 
suggested.  The  suggested  linear  relation  has 
become  known  as  the  Slavin  Modulus  for  struc¬ 
tural  steels. 
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STRESS  DISTRIBUTION 

For  aluminum  alloys  and  other  structural 
metals  that  do  not  have  a  well  defined  Y.P.,  the 
!  author  proposes  an  effective  modulus,  E,i ,  based 
on  a  linear  relation  between  E  at  the  P.L.  and 
Tt  £(  at  the  Y.S.  This  suggested  linear  relation  has 
become  known  as  the  Slavin  Tangent  Modulus  for 
structural  metals  for  which  an  offset  Y.S.  is  used. 

Analysts  of  Ed  .  When  a  compression  member 
is  stressed  beyond  the  proportional  limit  to  cause 
it  to  deflect  slightly,  there  will  be  a  decrease  of 
the  compressive  stress  on  the  convex  side  and  an 
increase  on  the  concave  side.  Assuming  that 


plane  cross-sections  of  the  member  remain  plane 
during  the  slight  bending,  the  small  bending 
stresses  will  be  distributed  as  shown  in  figure  3. 
In  every  cross-section,  there  will  be  an  axis  N-N 
perpendicular  to  the  plane  of  bending  in  which  the 
average  stress,  /»  —  P/A,  developed  prior  to  de¬ 
flection  is  unchanged.  On  the  right  side  of  the 
line  N-N  the  compressive  stresses  will  be  increased 
by  bending  in  proportion  to  df/de  ••  Et.  On  the 
left  side  of  the  line  N-N  there  will  be  a  reduction 
in  the  compressive  stresses  d^e  to  the  superim¬ 
posed  strain-reversal  in  combination  with  the 
bending  stresses,  and  as  this  strain-reversal  re- 


FIG.4  COLUMN 


lieves  the  elastic  portion  of  the  strain,  the  law  of 
proportionality  with  constant  E  results.  The 
slope  NA'  on  the  convex  side  is  different  from  NB' 
on  the  concave  side. 

For  equilibrium  between  the  external  column 
load  P  and  the  internal  stresses,  using  the  symbols 
in  FIGURE  3  it  is  required  that 


SidA-  S.dA  =  0 
Jo  Jo 


I  ‘  5,(Zi  +  e)  dA 

Jo 

-I"  [  SziZo  —  e)  dA  =  Py 
Jo 


(4) 

(5) 
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where  the  column  deflection  y  is  taken  with  respect 
to  the  centroidal  axis  of  the  column  as  in  figure  4. 
From  the  geometry  of  figure  3 

Si  =  fill/ hi  and,  Si  =  fiZt/ht  (6) 

Noting  that  /«  =  e^E  and  Si  =  eiE,  where  e  is 
the  corresponding  unit  strain  value,  and  that  the 
radius  of  curvature  of  the  deflection  curve  may  be 
expressed  &s  p  =  l/(d*y/d.v*)  in  the  equation  for 
the  elastic  curve,  then  the  maximum  stresses  on 
the  convex  side  and  concave  side  of  the  column, 
respectively,  are 

fi  =  Ehi/p,  and/s  =  Etht/p  (7) 

Using  expression  (7),  equation  (4)  becomes: 

7?  /  *•  E  i  ** 

-  ZidA--  ZidA  =  0  (8) 

p  Jo  P  Jo 

or,  EQi  —  EtQi  —  0  (9) 

where  Qi  and  Qt  denote  the  respective  static 
moments  of  the  cross-sectional  areas  to  the  left 
and  right  of  axis  N-N  about  such  axis.  The 
position  of  line  N-N  is  determined  from  the  condi¬ 
tion  that  the  resultants  of  the  forces  on  each  side 
of  axis  N-N  must  be  equal.  Using  the  relation 
h  =  hi  +  hi  and  equation  (9),  the  location  of 
axis  N-N  may  be  determined. 

From  equation  (9)  it  may  be  shown  that  expres¬ 
sion  (5)  reduces  to 

(E/i  -f  EJi)/p  =  (10) 

Where  Ii  and  /*  are  the  moments  of  inertia  of  the 
cross-sectional  areas  on  the  left  and  right  sides  of 
the  bending  axis  line  N-N  in  figure  3  with  re¬ 
spect  to  such  bending  axis. 

If  we  posit  that 

Ejl/p  =  Py  =  ilf(Moment)  (11) 

then, 

E,  -  (12) 

where  /  is  the  moment  of  inertia  of  the  entire  cross- 
sectional  area  about  an  axis  through  its  center  of 
gravity  as  C  in  figure  3. 

For  a  rectangular  cross-section  of  depth  h  and 
width  b,  the  bending  moment  of  the  stresses,  in 
FIGURE  3,  on  the  basis  of  the  relations  between 
hi ,  hi,  and  using  equation  (7)  is 


where  the  last  term  on  the  right  side  of  expression 
(13)  is  Ed . 

In  the  case  of  an  I  or  H  beam,  whose  cross-sec¬ 
tion  departs  from  a  complete  rectangle,  there  is 
obtained  the  relations  of 

Qi  =  Aihi,  and  Qi  =  AJh  (14) 

where  Q  is  the  respective  static  moment,  A  the 
respective  area  of  the  flanges,  hi  and  hi  the  dis¬ 
tance  of  the  center  of  the  flanges  from  the  neutral  ‘| 
axis.  The  effect  of  the  web  section  is  neglected,  j 


If  the  flanges  are  thin  compared  to  the  distance 
between  them,  their  moment  of  inertia  can  be 
written  approximately  as 

Ii  =  A  ihi\  and  Ii  =  A  (16) 

Then,  according  to  equation  (12),  for  the 
idealized  I  or  H  beam  Ed  is  given  as  j 


Analysis  of  Eu.  The  parabolic  ultimate  load 
column  formula  is 

P/A  =Jc=fy-k[,L/ry  (18) 

where  fc  is  the  critical  compressive  unit  stress, 

fy  the  yield  stress,  and  k  the  reduction  constant. 

Denoting  L/r  (slenderness  ratio)  as  B,  C  as  the 
column  end  restraint  factor,  and  equating  expres¬ 
sion  (18)  to  the  modified  Euler  formula  in  terms  of 
L/r,  then 

=  (19) 


from  which, 


,,  _fye^-kd* 
^ - Cr^ 


Ehi  bhi  2h 


p  {Ve  +  VEiY 


For  a  maximum  value  of  £„  =  E,  at  fy/2,  the 
differential  equation  of  expression  (20)  is 

^  2fyd  -  4kd^  ^21) 

dd  Ct* 

from  which,  8^  =■  fy/2k-,  or,  k  =  fy/28^  (22) 


1 
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Substituting  equation  (22)  for  k  in  (20),  then 


=  f  =  ^Ll 


2Ct2 

Using  expression  (22)  for  B,  then 


Eu  =  E  = 


fy 


or,  k  = 


Eu 


^EC-k^] 


(23) 


"  IECt^ 
Substituting  equation  (24)  in  (20),  then 


(24) 


(25) 


I 

I 

e 

e 


For  P/ A  or  /<.,  substitute  k  from  equation  (24) 
in  (18),  and 


p -f  -f  fW 
.A 


(26) 


Equating  6  from  the  Euler  formula  in  expression 
(19)  to  B  in  equation  (26),  then 


) 


fy  A 


(27) 


Expressions  (26)  and  (27)  are  practical  working 
equations.  C  is  unity  for  theoretical  pinned  end 
)  columns. 

For  Bt ,  where  £„  =  £  at  fy/2,  the  transition 
I  value  where  the  parabolic  column  curve  meets  the 
Euler  curve,  use  equations  (22)  and  (23)  from 
which 


B]=^f-;  or,  b]  =  ^-^  (28) 

/iK  Jy 

For  mild  steel  tubing;  E  =  28,000,000  p.s.i., 
/,  =  36,000  p.s.i.,  with  C  =  1.0;  then  k  “  1.172, 
j  St  =  124,  and 

1  „  P  (36,000  -  P/A) 

I  ^  A  — Un? — 

I  For  structural  carbon  steel;  E  =  30,000,000 
I  p.s.i., /y  =  36,000  p.s.i.,  and  with  C  =  1.0,  then 
k  =  1.094,  Bt  =  128,  and 


^  P  (36,000  -  P/A) 

=  A - 

Stress-Strain  Curves  in  Structural  Steels.  Typical 
stress-strain  curves  for  carbon,  silicon,  and  nickel 
structural  steels  are  shown  in  figure  5.  These 
idealized  curves  are  based  on  a  study  of  various 
specifications  and  test  values.  The  proportional 
limit  is  denoted  by  P.L.,  and  the  yield  point  by 
Y.P.,  both  in  thousand  p.s.i.  It  should  be  noted 


that  within  the  limits  of  proportionality,  E  is 
30,000,000  p.s.i.  for  each  of  the  three  indicated 
t)q)es  of  structural  steel.  While  the  strength  of 
structural  steel  may  be  increased  by  a  change  in 
its  alloy  composition,  the  E  value  remains  constant 
and  deflections  within  identical  limits  of  elastic 
range  for  the  same  cross-sections  are  therefore  not 
reduced  by  an  increase  in  metal  strength. 

The  equations  for  the  parabolic  curves  between 
P.L.  and  Y.P.,  in  figure  5,  are  so  determined  that 
the  slope  is  equal  to  E  at  P.L.  and  equal  to  zero 
at  the  Y.P.  The  vertex  of  the  curved  portion, 
within  the  inelastic  region,  is  located  at  tlie  inter- 
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section  of  the  curve  and  the  Y.P.  For  the  para¬ 
bolic  portion  of  the  curve  for  carbon  steel  in  figure 

5,  the  equation  for  the  portion  between  P.L.  and 
Y.P.  referred  to  the  vertex  at  Y.P.  is  given  as  y  = 
ax.*  The  slope  or  differential  quotient  is  2ox, 
and  the  constant  a  is  equal  to  37,500  million. 

Stress-Modulus  Curves  in  Structural  Carbon 
Steel.  Typical  stress-modulus  curves  for  'cruc- 
tural  carbon  steel,  based  on  the  various  m  xiulus 
concepts  as  described  herein,  are  shown  in  iigure 

6.  The  Slavin  Modulus,  E„  for  structural  carbon 
steel  is  a  linear  relation  between  0.7  of  the  Y.P.  or 
25,200  p.s.i.  and  the  Y.P.  at  36,000  p.s.i.  Note  that 
with  the  exception  of  £„  and  E„  the  reduced  mod¬ 
ulus  starts  at  the  P.L.  value  of  30,000  p.s.i. 

Stress-Strain-Modulus  Curves  in  Aluminum 
Alloy.  A  typical  stress-strain  and  tangent  modu¬ 
lus  curve  for  Aluminum  Alloy  14S-T6  is  shown  in 


TRANSACTIONS 


— — 

— 

1 . 1 

'  P.L 

30-J 

07  YP 

N 

OJ_Y_P_ 

je-L- 

— 

— 

— 

S  10  IS 
MODULUS 


20  25 

IN  10*  P.S.I. 


STRESS-MODULUS  CURVES  FOR 
STRUCTURAL  CARBON  STEEL 


where  e  is  the  unit  strain  corresponding  to  /  the 
unit  stress  in  p.s.i.,  E  equals  10,000,000  p.s.i., 
/„  is  the  Y.S.  at  53,000  p.s.i.,  and  n  is  the  exponent 
to  be  evaluated.  Several  stress-strain  readings 
must  be  known  to  plot  the  curve  from  which 
other  stress-strain  values  may  be  interpolated. 
An  average  value  of  n  may  then  be  computed. 
For  the  curve  in  figure  7,  the  known  and  inter¬ 
polated  test  values,  the  corresponding  computed 
values  of  the  exponent  and  the  computed  values 
of  the  unit  strain  are  giv’en  in  table  1. 

As  shown  in  table  1,  the  difference  between  the 
known  and  interpolated  test  values  of  stress-strain  ' 
and  the  corresponding  values  computed  from  the  j 
idealized  curve  equation  with  n  =  8.5808  are 
practically  insignificant.  It  may  therefore  be  ' 
assumed  that  both  the  test  and  interpolated  value 
and  those  computed  of  the  stress-strain  relations 
are  coincident  in  the  curve  in  figure  7. 

A  number  of  investigators  recommend  the 
tangent  modulus,  Et,  for  metals  that  have  an 
offset  Y.S.  The  Et  curve  between  the  P.L.  and  ‘ 
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FIGURE  7.  The  P.L.  is  at  30,000  p.s.i.  The  ideal¬ 
ized  stress-strain  curve  may  be  computed  from 


e  =  4  -t-  0.002 

E 


.002 


Y.S.,  computed  from  the  inverse  differential  quo¬ 
tient  of  equation  (31),  is  shown  in  figure  7. 
The  Slavin  Tangent  Modulus,  E,t,  is  also  shown 
as  a  linear  relation  between  E  at  the  P.L.  and  the 
computed  Et  at  the  Y.S. 
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Comparative  Values.  The  author  has 
proven, “•  ”  that  for  frameworks  of  structural 
carbon  steel,  in  particular  civil  engineering  trusses 
which  are  designed  by  working  load  formulas,  the 
critical  compressive  unit  stress  is  between  1,000 
and  2,000  p.s.i.  below  the  Y.P.  for  heavy  and  light 
frameworks  respectively  on  the  basis  of  Eu  and 
dose  to  the  Y.P.  on  basis  of  Et.  In  these  stability 
studies  Ed  w'as  not  used  because  it  disregards  the 
difference  between  ideal  and  practical  conditions. 
Since  £«  is  accepted  as  a  practical  value  for  the 
reduced  modulus,  which  allows  for  the  difference 
between  the  ideal  and  practical  conditions  and 
gives  weight  to  a  modulus  reduction  below  the 
P.L.  value,  it  is  of  interest  to  observe  the  difference 
in  modulus  values  between  Eu  and  E,  for  structural 
carbon  steel.  Comparisons  may  be  made  on  the 


Table  1 

Aluminum  Alloy  14S-T6 


/  Stress 
f.s.i. 

e  Tola!  l/nit 
Siraim 

M  Ctmpuled 

e  Total  Computed 
(a  -  8.5808) 

35,000 

0.003,550 

8.8891 

0.003,557 

40,000 

0.004,200 

8.1822 

0.004,179 

45,000 

0.005,000 

8.4712 

0.004,991 

47,500 

0.005,500 

8.9515 

0.005,531 

50,000 

0.006,200 

8.7667 

0.006,213 

52,500 

0.007,100 

8.2239 

0.007,094 

Average  n  I 

8.5808 

basis  of  the  parameter  used  in  stability  analysis. 

With  the  parameter,  Z/j  =  LV  P/E/,  then  for  the 
same  values  of  L,  P  and  /,  the  comparisons  are  on 
the  basis  of  Vl  /£,  where  E  refers  to  the  effective 
modulus  considered. 

Since  civil  engineering  structures  have  critical 
compressive  stresses  above  the  P.L.,  the  respective 
relative  values  are  given  between  the  P.L.  and  the 
Y.P.,  as  shown  in  table  2. 

For  frameworks  of  structural  carbon  steel, 
designed  by  ultimate  load  formulas,  the  critical 
compressive  unit  stress  may  be  below  the  P.L. 
and  the  corresponding  effective  modulus  may  be 
practically  equal  to  the  elastic  modulus  E.  From 
the  stability  studies  of  an  airplane  truss  designed 
on  the  ultimate  basis,*®’  **  it  was  found  that  the 
use  of  E  resulted  in  a  critical  load  of  1 .5  per  cent 
above  that  on  basis  of  Eu  ,  which  indicates  that 
the  values  of  E,  below  the  P.L.  are  as  practical 
as  those  obtained  from  the  formula  for  Eu  . 


structural  metals  may  have  critical  compressive 
stresses  betwei.”  the  P.L.  and  the  Y.S.  v/hen  de¬ 
signed  by  working  load  formulas,  and  below  the 
P.L.  when  designed  by  ultimate  load  formulas  if 
slender  members  are  used.  The  comparisons  be¬ 
tween  Ef  and  E,t  above  the  P.L.,  as  shown  in 
TABLE  3  are  of  interest. 

It  should  be  noted  that  the  values  and  para¬ 
metric  ratios  shown  in  tables  2  and  3  indicate 
small  differences  between  Eu  and  E,  for  structural 
carbon  steel  and  between  Et  and  E,t  for  the  alu¬ 
minum  alloy.  These  differences  are  within  allow- 


Table  2 

Structural  Carbon  Steel 


/  Stress  p.s.i. 

1  £u  k.s.i. 

1  £.  k.s.i. 

y/BJB, 

30,000 

16,671 

16,667 

1  1.000 

31,000 

14,355 

13,889 

1.017 

32,000 

11,854 

11,111 

1.032 

33,000 

9,169 

8,333 

'  1.049 

34,000  j 

6,298 

5,556 

1.065 

35,000 

3,241 

2,778 

1.080 

Table  3 

Aluminum  Alloy  14S-T6 


/  Stress  pj.i. 

Et  kj.i. 

£.1  kj.i. 

VEtlE,t 

30,000 

10,000 

10,000 

1.000 

35,000 

8,750 

8,339 

1.024 

40,000 

7,220 

6,678 

1.039 

45,000 

5,160 

5,017 

1.014 

47,500 

4,1.50 

4,187 

0.996 

50,000 

3,240 

3,356 

0.983 

52,500 

2,490 

2,526 

0.993 

53,000 

2,360 

2,360 

1.000 

able  deviations  and  it  is  known  that  they  have  a 
small  effect  on  the  value  of  the  critical  loading. 

Conclusions.  On  the  basis  of  prior  studies*®’  **’  *^ 
and  available  data  on  the  several  concepts  of  the 
effective  modulus  of  elasticity  and  in  the  absence 
of  theoretical  or  test  data  for  this  modulus  for 
stresses  in  typical  structural  frames,  the  general 
deduction  is  made  that  the  upper  limit  for  this 
modulus  may  be  the  tangent  modulus,  and  the 
lower  practical  limit  may  be  the  modulus  evaluated 
from  the  ultimate  load  short  column  formula  or 
in  lieu  thereof  from  the  linear  modulus  hy  the 
author.  This  deduction  is  premised  on  the  recom¬ 
mendations  for  the  tangent  modulus  resulting 


Frameworks  of  aluminum  alloys  for  similar 


from  laboratory  tests  on  ideal  columns  and  on  the 
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idea  that,  to  allow  for  the  difference  between  the 
ideal  and  the  corresponding  practical  column,  the 
effective  modulus  should  be  of  a  lower  numerical 
value  than  the  tangent  modulus.  In  the  absence 
of  theoretical  or  test  data  for  the  determination  of 
the  effective  modulus  of  elasticity  for  tensile 
stresses,  the  usual  assumption  is  made  of  the  same 
modulus  values  for  equal  stresses  in  either  tension 
or  compression.  This  assumption,  on  which  there 
is  some  difference  of  opinion,  is  subject  to  the 
result  of  further  research  to  obtain  a  more  rational 
method  of  evaluating  the  effective  modulus  of 
elasticity  for  tensile  stresses.  The  Linear  Moduli 
are  presented  as  simplified  relations  which  afford 
a  reduction  in  computations  for  evaluating  the 
effective  modulus  of  elasticity. 
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CULTURAL  ANTHROPOLOGY  AND 
HUMAN  GEOGRAPHY* 

By  JOHN  L.  LANDGRAFf 
My  interest  in  human  geography  began  when  I, 
an  anthropologist,  tried  to  use  geographical  con¬ 
cepts  in  the  presentation  of  a  period  of  history  in  a 
500  square  mile  area  in  western  New  Mexico.  I 
had  spent  six  months  in  the  territory,  observing, 
mapping,  interviewing,  and  gathering  data  from 
various  government  agencies.  There  was  also 
available  to  me  a  considerable  amount  of  an¬ 
thropological  data  gathered  by  other  investi- 
gators.^  Part  of  the  area  had  been  covered  by  a 
geological  survey*  and  a  botanist  had  worked  in  the 
area.*  I  had  available  to  me  as  well  the  compara¬ 
tive  richness  of  material  descriptive  of  the  larger 
Southwest  region  and  some  of  these  studies  were 
directly  applicable  to  my  objective. 

*  This  paper  was  presented  at  the  meeting  of  the  Section  on 
February  23,  19S3. 

t  Department  of  Political  Science  and  Sociology,  University 
College,  New  York  University,  N.  Y. 

t  Most  of  the  data  were  gathered  by  Prof.  Clyde  Kluckbohn  of 
Harvard  University,  or  by  his  students  and  associates.  The  most 
recent  studies  are  part  of  “A  Comparative  Study  of  Value  in  Five 
Cultures,”  Laboratory  of  Social  Relations,  Harvard  University. 


This  objective  was  a  comprehensive  one:  the 
presentation  of  the  area  in  man-land  terms  through 
a  70-year  period.  Basically,  I  was  interested  in 
the  ecology  of  the  situation,  although  I  soon  came 
to  realize  that  I  could  get  little  help  from  theo¬ 
retical  formulations  using  the  label,  ecology.  The 
biologically  derived  concepts  did  not  apply  to 
human  situations,  and  the  sociological  formulations 
were  neither  acceptable  in  their  own  terms’  nor  in 
biological  ones.  At  best,  the  term  ecology,  as 
Bates  has  said  in  one  of  the  recent  Wenner-Gren 
Symposium  Inventory  Papers,*  has  a  general  and 
rather  vague  meaning.  It  is  a  pervasive  point  of 
view  rather  than  a  subject  matter  with  explicit 
theoretical  formulations. 

When  I  began  to  look  at  the  theoretical  formula¬ 
tions  in  the  field  of  geography  itself  (which  were 
quite  scarce),  I  discovered,  first  of  all,  that  they 
were  not  at  the  scale  I  wanted  to  use.  Most  of  the 
textbooks  and  field  studies  I  read  dealt  with  large 
regions,  such  as  the  American  Southwest,  of  which 
my  area  was  only  a  microcosm.  The  strictly 
theoretical  studies  defined  region  in  similar  ab- 
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stract  terms.  The  situation  seemed  to  be  like  that 
of  an  earlier  period  in  anthropology,  when  the  study 
of  world-wide  diffusion  circles  or  culture  areas  had 
been  the  primary  method. 

Two  men,  Carl  Sauer*  and  Robert  Platt,  and 
their  students,  had  studied  smaller  territories. 
Platt’s  “microgeographical”  studies*  seemed  to 
come  closest  to  my  scale,  although  some  of  the 
Sauer  studies  supplied  me  with  some  help  in  under¬ 
standing  historical  process  in  a  geographically 
conceived  area. 

With  these  men,  as  well  as  with  the  others 
whose  work  I  studied,  it  appeared  that  the  central 
geographical  concept  was  the  landscape  of  a  region 
or  an  area.  This  term  described  the  surface  of  the 
earth,  under  the  atmosphere  and  above  the  sub¬ 
surface  strata.^  Earlier  European  geographers  ap¬ 
parently  had  devoted  themselves  to  mystical  dis¬ 
cussion  of  landscapes,  but  American  writers  had 
restricted  themselves  to  the  purely  “physical”  and 
“material”  aspects  of  their  field. 

In  their  writings,  the  landscape  seemed  to  be  a 
presentation  of  a  set  of  factors  comprising  the 
earth’s  surface  in  a  region  or  area,  the  subsurface  or 
physiographic  strata,  the  atmosphere  as  expressed 
in  climate  and  weather,  and  the  biotic  factors  as 
expressed  in  flora  and  fauna.  The  interrelations 
between  these  factors  were  expressed  in  such 
categories  as  surface  landform,  drainage,  water 
supplies,  soils,  plant  and  animal  variation,  and 
human  settlement  or  “occupaiice.”  Finally,  the 
conception  took  into  account  such  dynamic  proces¬ 
ses  as  dessication,  erosion,  deposition,  plant  and 
animal  succession,  and  human  utilization  or  “land- 
use.”  Some  of  the  presentations  appeared  to  be 
striving  for  a  “natural”  landscape,  which  would 
avoid  occupance  and  land-use  factors. 

There  was  always  recognition  that  the  landscape 
is  a  process  of  continuous  change.  Some  of  the 
writers  appeared  to  stress  landform  or  physi¬ 
ographic  criteria.  Others  dealt  primarily  with 
meteorological  factors,  or  vegetative  influences.  A 
few  were  concerned  with  “resources”  or  “economic” 
categories  of  settlement  and  land-use. 

It  was  obvious  that  the  geographers  were  wres¬ 
tling  with  the  human  element  in  their  landscapes. 
Their  comments  ranged  all  the  way  from  a  state¬ 
ment  in  a  1942  textbook  that 

“...man’s  acts  are  not  entirely  the  result  even  of 
reason,  for  what  he  does  is  often  influenced  by  moods, 
whims,  and  prejudices,  so  that  the  works  of  his  hands 
may  l^k  that  orderliness  and  system  characteristic  of 
natural  forces . .  .”• 


to  the  somewhat  abstract  and  programmatic  en¬ 
dorsements  of  cultural  study  that  one  finds  in  some 
of  the  writings  of  Barrows  and  Sauer.* 

In  general,  however,  it  seemed  that  the  geogra¬ 
phers  had  taken  their  descriptive  concepts  for 
settlement  d5mamics  from  the  field  of  economics. 
These  concepts  were  considered  as  fulfilling  the 
criteria  of  being  “material.”  There  were  also  some 
attempts  at  independent,  purely  geographical  for¬ 
mulations,  notably  Whittesley’s  “sequent  oc¬ 
cupance.”*® 

The  economic  formulations  were  attractive. 
For  a  long  time,  there  had  been  a  special  economic 
field  called  “land-use  economics,”**  and  there  were 
various  formulations  dealing  with  “subsistence” 
and  other  “productive  categories.”  All  of  these,  at 
least  from  an  anthropologist’s  point  of  view,  are 
abstract  and  descriptive  only  of  classical  Western 
civilization  in  its  formal  manifestations.**  The 
geographers,  however,  seem  to  have  accepted  them 
in  all  human  contexts. 

In  the  geographical  writings,  the  most  common 
term  in  reference  to  land-use  was  settlement  pattern. 
This  was  usually  described  as  a  congeries  of  ma¬ 
terial  artifacts  and  land  modifications,*®  sometimes 
given  the  designation  of  a  local  group,  but  most 
usually  animated  by  descriptions  of  function  in 
purely  economic  terms.  Thus,  a  settlement  pat¬ 
tern  would  be  called  “subsistence  agriculture,” 
“mining,”  or  “dry-land  farming.”  The  behavior 
of  the  people  was  seen,  if  it  was  dealt  with  at  all, 
in  terms  of  “markets,”  “prices,”  and  “marginal 
utility.” 

At  bottom,  however,  the  settlement  pattern 
would  seem  to  be  a  description  of  an  assemblage  of 
artifacts  and  associated  human  behaviors  and  it  is 
at  this  point  that  the  social  anthropologist  can 
meet  the  human  geographer  with  a  contribution. 
The  anthropologist  uses  the  concept  of  settlement 
pattern,  too,  but  he  uses  it  with  an  expanded 
meaning.  He  finds  that  the  artifacts  and  “eco¬ 
nomic”  activities  are  inextricably  connected  with 
other  behaviors,  and  with  “immaterial”  process, 
function,  and  meaning.**  This  network  of  con¬ 
nections  fits  most  meaningfully  into  a  concept 
called  the  culture  of  an  organized  group  or  society. 
Increasingly,  in  the  field  of  human  behavior  study, 
cultural  patterning  of  explicit  behavior,  motiva¬ 
tion,  and  evaluation  is  recognized  as  the  most 
convenient  generalizing  concept  for  describing 
action,  whether  it  is  in  relation'to  the  “natural” 
environment,  the  supernatural,  or  in  inter-personal 
relations.  Thus,  settlement  patterns  and  land-use 


1 

1 54  TRANSACTIONS  I 


regularities  would  be  considered  as  a  part  of  a 
particular  cultural  configuration  characteristic  of 
a  specific  group  of  people  or,  perhaps,  as  parts  of  a 
number  of  such  configurations  and  groups. 

For  adequate  understanding  of  fields  and  farms 
and  houses,  and  even  for  understanding  of  the 
weight  of  “physical”  factors  as  they  affect  a  par¬ 
ticular  group  (and,  perhaps,  even  for  understanding 
of  geographers’  sometimes  ethnocentric  descrip¬ 
tions  of  landscapes),  questions  have  to  be  asked  of 
many  elements  that  intervene  between  acting 
organic  individuals  and  their  “real”  environment. 
As  Linton  says: 

“Between  the  natural  environment  and  the  indi¬ 
vidual  ^ere  is  always  interposed  a  human  environment 
which  is  vastly  more  significant.  This  human  en¬ 
vironment  consists  of  an  organized  group  of  individuals, 
that  is,  a  society,  and  of  a  particular  way  of  life  which 
is  characteristic  of  this  group,  that  is,  a  culture.  It  is 
the  individual’s  interactions  with  these  which  is  re¬ 
sponsible  for  most  of  his  behavior  patterns,  even  his 
deep-seated  emotional  responses.’’^* 

Put  in  these  terms,  it  is  easy  to  see  that  the 
anthropologist  would  go  beyond  artifacts  and 
geographical  landscape  modifications,  just  as  he 
would  go  beyond  “custom”  or  explicit  patterns  of 
behavior  into  “deeper”  regularities  of  motivation 
and  evaluation.  He  would  certainly  argue  that 
cultural  organizations  and  changes  in  these  organi¬ 
zations  cannot  be  described  by  simple  productive 
t>TX)logies;  just  as  geographers  often  assert  that 
landscapes  cannot  be  described  alone  by  simple 
botanical,  climatic,  or  physiographic  terms. 

All  of  this  means  that  the  anthropologist  would 
add  a  number  of  complicated  problems  to  the 
geographical  study  of  land  and  people.  He  would 
also,  however,  bring  with  him  a  number  of  con¬ 
cepts  (even  though  they  be  incompletely  defined) 
that  would  appear  to  be  of  real  assistance  in  de¬ 
scribing  populated  areas  or  regions.  With  this 
kind  of  conceptual  equipment,  the  human  geogra¬ 
pher  could  better  fulfill  the  kind  of  objective  that 
Robert  Platt  set  for  himself  in  a  1928  “micro- 
geographical”  study: 

“ _ attention  was  fixed  not  on  certain  square  miles 

of  land  but  on  the  occupancy  of  the  land  by  a  certain 
group  of  jjeople.  In  the  course  of  the  investigation  the 
distribution  and  range  of  their  activities  assumed 
definite  form,  a  pattern  woven  to  fit  the  patchwork 
background  of  their  environment.  In  the  presentation 
of  the  study  the  organized  life  of  this  areal  unit  of 
human  activity  provides  the  theme  and  limits  of  the 
discussion.”** 

If  the  anthropologist  criticizes,  however,  he 
must  also  accord  due  respect.  Geographers  have 
organized  the  relationships  between  large  numbers 


of  factors  within  their  horizon  and,  particularly, 
they  have  developed  fine  techniques  for  field 
study  and  presentation,  that  everyone  must  use 
who  deals  with  man-land  relationship.  If  the 
anthropologist  is  spared  the  difficulty  of  digesting 
the  developed  complexity  of  a  concept  such  as 
“culture,”  he  still  has  responsibilities  in  the  inter¬ 
change.  He  has  to  study  and  present  the  geo¬ 
graphical  material  adequately,  which  he  probably 
already  accepts  as  theoretically  necessary.  This 
means  knowledge  of  geographical  literature  and  of 
observational  and  mapping  techniques,  and  it  also 
means  the  use  of  this  knowledge  in  writing.  Be-  ' 
yond  the  usual  “geographical  background”  chapter 
in  a  monograph,  the  anthropologist  must  integrate 
geographical  data  throughout  his  presentation. 
We  know  that  this  material  fits  in  everywhere. 

The  Ramah  Area  in  New  Mexico,  which  is  being 
presented  as  an  areal  unit  of  human  occupancy 
with  these  thoughts  in  mind,*^  is  located  on  the 
7000  foot  Zuni  Plateau  some  miles  south  of  the 
Santa  Fe  railroad.  It  is  parklike  pinyon-juniper 
country  with  characteristic  semi-arid  landforms, 
cold  winters,  and  irregular  precipitation.  It  is  | 
near  the  Continental  Divide  and  has  little  stored 
water  available.  The  area  was  occupied  by 
Navaho  Indians  in  1870  and,  later,  various  “white” 
groups  moved  into  the  territory.  In  1941,  there  t 
were  about  a  thousand  people  living  there,  divided  j 
into  five  more  or  less  distinct  groups,  each  with  its 
own  culture.  i 

Half  the  people  were  Navaho  Indians,  whose  f 
economic  lives  were  built  around  partially 
aboriginal  patternsof  sheep  grazingand  subsistence 
dry-land  farming.  The  rest  of  the  residents, 
“whites,”  included  about  40  Spanish  Americans, 
with  an  economy  similar  to  that  of  the  Navahos, 
and  three  other  groups  who  belonged  in  the  general¬ 
ized  New  Mexico  category  called  “Anglo.”  About 
30  of  these  were  “outside”  traders,  teachers,  and 
government  employees.  Close  to  300  were 
Mormon  villagers  living  in  an  irrigated  valley;  and  | 
about  130  were  dry-land  farmers  who  had  moved 
into  the  area  from  Texas. 

The  description  of  this  cultural  landscape  began 
with  an  examination  of  the  1941  geographical 
environment,  the  physical  landscape.  It  was  rec¬ 
ognized  that  some  aspects  of  the  scene  provided  a 
relatively  unchanging  framework  but,  as  the  dy¬ 
namics  of  this  framework  were  examined  in  detail, 
it  became  apparent  that  human  factors  were  ob¬ 
truding  themselves  into  practically  everything  but 
climate  and  subsurface  strata.  Probably  the  most 
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pervasive  effects  were  those  that  came  from  over- 
grazing  of  the  grass  and  other  forage.  Secondary 
to  these  effects  were  those  changes  that  had  come 
about  through  plowing  and  later  abandonment  of 
fields,  or  land-use  for  roads,  buildings,  and  stock 
trails.  Other  changes  were  brought  about  by 
hunting  or  gathering  practices.  Possibly,  as  a 
result  of  these  factors,  the  area  seemed  to  be  in  an 
erosion  cycle  of  recent  origin,  a  cycle  that  did  not 
correlate  with  precipitation  figures.  The  wooded 
grassland  was  giving  way  to  desert  shrub,  with 
attendant  changes  in  animal  life,  water  levels, 
soils,  and  detailed  landform  such  as  drainage  lines. 
The  actual  human  use  of  the  land  was  not  in  con¬ 
formity  with  any  rational  specifications  for 
balanced  utilization. 

Following  this  presentation,  it  was  necessary  to 
deal  with  settlement  history.  In  a  gross  manner, 
the  people  had  to  be  “placed”  in  space  and  time. 
It  became  apparent  that  the  settlement  history, 
the  “. . .  pattern  woven  to  fit  the  patchwork  back¬ 
ground  of .  . .  environment,”  was  not  a  single 
unitary  abstraction.  A  number  of  groups  had 
moved  into  the  area  in  sequence,  and  detailed 
personal,  situational,  as  well  as  larger  factors  of 
regional  and  world  history  had  all  played  their 
part.  If  there  was  a  single  “pattern”  it  was  tied 
to  increasing  penetration  of  the  area  by  “outside” 
people  and  ideas,  increasing  density  of  population 
and  pressure  on  the  resources  of  the  landscape. 
These  increases  appeal  to  have  culminated  in  signs 
of  social  disorganization  or  “tension”  in  some  of 
the  local  groups,  in  1941,  particularly  amongst  the 
Navahos. 

After  this  came  a  description  of  the  settlement 
patterns.  Here  the  “material”  facts  of  occupance 
emerged  as  conforming  roughly  to  the  sequential 
and  segmental  character  of  the  settlement  history. 
It  was  obvious,  however,  that,  even  with  every 
attempt  to  remain  severely  “material,”  it  was 
necessary  to  add  some  functional  “cultural”  ex¬ 
plication  to  structure,  form,  and  “economic”  cate¬ 
gories. 

These  economic  categories  were  then  dealt  with. 

A  number  of  “ways”  of  making  a  living  emerged — 
formal  categories  of  productive  activity.  As  the 
description  proceeded,  however,  it  appeared  that 
there  were  differences  of  aggregate  behavior  within 
the  categories,  differences  that  were  related  to 
historical  and  noneconomic  or  nongeograph ical 
definitions  of  the  situation.  The  various  cultural 
groups  appeared  constantly  as  definers  of  these 
differences. 


These  groups  themselves  were  then  described  as 
cultural  organizations.  The  description  moved  in 
each  case  from  relatively  formal  and  “concrete” 
patterns  of  social  structure  toward  relatively  ab¬ 
stract  inferences  about  group  attitudes,  motiva¬ 
tions,  orientations,  and  value  systems.  The  groups 
emerged  with  separate  organizations  of  human 
relationship  to  the  landscape,  organizations  that 
were  psychological  and  even  philosophical  in  nature 
while  they  remained  social,  economic  and 
“material.” 

These  organizations  of  relationship  to  the  land¬ 
scape  can  be  thought  of  as  conceptual  units  that 
have  to  be  dealt  with  when  description  of  man-land 
process  is  attempted.  They  have  direct  relation¬ 
ship  with  such  activities  as  plowing,  tree-cutting, 
hunting,  and  herding.  These  things  are  done  in 
terms  of  pictures  that  acting  people  have  within 
themselves,  pictures  that  they  cannot  completely 
express,  but  which  they  feel  and  measure  in  rela¬ 
tion  to  describable  standards.  People  who  have 
grown  up  in  close  traditionally  defined  company 
with  others  have  similar  systems  of  pictures  within 
themselves.  This  is  roughly  what  is  meant  by  a 
group  and  its  culture. 

Some  of  the  sets  of  pictures  that  make  up  the 
culture  are  concerned  with  what  we  would  call  the 
“physical”  environment,  with  the  “supernatural,” 
and  with  details  of  daily  activities.  Some  are 
concerned  with  categories  of  people  or  activity 
within  the  group,  and  others  deal  with  kinds  of 
people  in  the  human  environment  of  the  group,  the 
“out”  groups.  These  generalized  pictures  are,  in 
rough  terms,  the  patterns  or  norms  of  the  culture 

We  can  think  of  the  patterns  as  having  be¬ 
havioral  or  “expressible”  aspects,  deep  psychologi¬ 
cal  or  motivational  characters,  and  also  those  of  a 
socially  defined,  evaluational  nature.  All  these 
aspects  enter  into  even  such  humdrum  activities 
as  plowing,  herding,  and  so  forth. 

We  know  something,  and  we  are  learning  more, 
about  how  people  change  in  groups,  and  thus  the 
patterns  of  their  cultures  change.  The  changes  in 
the  individuals  (and  in  the  group)  appear  to  come 
about  through  the  failure  of  traditional  behavioral 
usages  to  handle  life  problems.  Partially  available 
to  people — distorted  by  their  deeper  pictures  of 
things — are  the  patterns  of  other  groups  with 
whom  they  come  into  contact.  Apparently,  people 
seldom  wholly  accept  the  presented  patterns,  but 
often  they  try  to  integrate  parts  of  them,  sometimes 
with  unforeseen  total  consequences  to  the  fabric  of 
their  lives.  The  old  deep  psychological  and  philo- 
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sophical  motivations  and  orientations,  the  old 
value  systems,  often  still  remain  as  a  basic  frame¬ 
work  that  is  more  resistant  than  items  of  concrete 
behavior.  There  is  always  lag  and  incompleteness 
in  the  process.  The  patterns  change,  however, 
and  some  of  the  changes  are  in  such  geographically 
meaningful  activities  as  those  of  plowing,  herding, 
and  so  on. 

In  1941,  for  instance,  the  Ramah  Area  Navahos 
combined  land-use  features  that  had  been  borrowed 
selectively  from  the  various  other  groups  through¬ 
out  the  preceding  70  years  of  contact.  In  some 
ways,  these  patterns  had  been  at  least  partially 
integrated  with  items  of  earlier  cultural  organiza¬ 
tion.  The  Navahos,  however,  had  not  borrowed 
any  land-use  procedures  in  toto,  for  to  have  done  so 
would  have  required  adoptions  also  of  the  economic, 
legal,  and  social  complexes  that  went  along  with 
these  procedures,  not  to  mention  the  deeper  mean¬ 
ings  that  made  them  work  so  well.  At  each  point 
in  the  history  of  contact,  the  Navahos  had  to  try 
to  adjust  and  adapt  their  way  of  life  in  new  situ¬ 
ations  that  were  created,  at  least  partly,  by  the 
invading  white  men,  but  their  adjustments  were 
always  made  in  terms  of  their  hardly  changed 
native  motivation  and  value  systems.  This  was 
the  only  way  they  could  remain  as  personalities  in 
their  group. 

In  the  year  of  study,  the  Navaho  pastoral  and 
agricultural  economy,  which  had  been  gradually 
developed  from  the  earlier  hunting  and  gathering 
organization,  was  beginning  to  fail.  Successful 
land-use  in  the  contemporary  cultural  landscape 
demanded  fairly  permanent  settlement,  controlled 
herding  on  large  ranges,  knowledge  of  mechanical 
technology  and  law,  commercial  organization  with 
cash  economy  and  capital  to  exploit  new  methods, 
and  many  other  less  explicit  features  of  the  larger 
American  “white”  culture.  These  things  the 
Texans  and  local  “outsiders”  had  to  some  degree. 
At  least,  they  were  oriented  in  this  direction.  The 
Navahos  (and  perhaps  the  Spanish  Americans)  did 
not  have  these  things,  and  they  could  not  easily 
learn  them.  The  Navahos,  as  a  group,  apparently 
survived  largely  because  of  the  subsidies  which 
they  had  received  from  the  Federal  government  at 
several  critical  points  in  their  history.  The  de¬ 
mands  were  such  that  even  the  “Anglo”  Mormons 
sometimes  seemed  at  a  disadvantage  with  their 
background  of  theocratic  and  rural  “folk”  organi¬ 
zation. 


The  whole  situation  described  here  was  a  com¬ 


plex  one,  not  because  of  its  geographical  landscape 
changes,  but  because  these  were  interrelated  with 
complicated  intercultural  interchanges.  The  ini¬ 
tial  objective  of  describing  the  whole  change  with 
concepts  from  human  geography  w'as  considerably 
modified  through  the  use  of  concepts  from  cultural 
anthropology,  “functional”  cultural  concepts. 
The  landscape  became  a  cultural  landscape — or  a 
series  of  them  in  interaction — and  land-use  and 
settlement  pattern  were  expanded  far  beyond 
their  geographical  usages.  With  these  tools,  it 
was  possible  to  carry  out  Platt’s  specifications 
quoted  earlier  in  a  manner  closer  to  the  ideal  of  a 
human  ecology. 


References 

1.  Darton,  N.  H.  1928.  Red  beds  and  associated 

formations  in  New  Mexico.  U.  S.  Geol.  Survey 
Bull.  794. 

2.  Vestal,  P.  1952.  Ethnobotany  of  the  Ramah 

Navaho.  Peabody  Museum  of  Harvard  Univ. 
Papers.  40: 4. 

3.  Alihan,  M.  A.  1938.  Social  Ecology:  A  Critical 

Analysis.  N.  Y. 

4.  Bates,  Marston.  1950.  Human  ecology. 

Wenner-Gren  Foundation  Intern.  Symposium 
on  Anthropology. 

5.  Sauer,  C.  1924.  The  survey  methods  in  geog¬ 

raphy  and  its  objectives.  Ann.  Assoc.  Am. 
Geographers.  14(1). 

6.  Platt,  R.  1939.  Reconnaisance  in  British  ^ 

Guiana,  with  comments  on  microgeography. 
Ann.  Assoc.  Am.  Geographers.  18(2):  81-126.  I 

7.  Hartshorne,  R.  1939.  The  nature  of  geog-  ) 

raphy.  Ann.  Assoc.  Am.  Geographers.  29(3-4):  1 
162-163.  ' 

8.  Finch,  V.  C.,  &  G.  T.  Trewartha.  1942.  Ele¬ 

ments  of  Geography,  Physical  and  Cultural: 
602.  N.  Y. 

9.  Barrows,  H.  H.  1923.  Geography  as  human 

ecology.  Ann.  Assoc.  Am.  Geographers.  13(1): 

6. 


RE: 


Ir 
has 
dev( 
of  p: 
evid 
cent 
tion 
resui 
mat( 
aU, 
enerj 
boor 
least 
to  tl 
thee 
of  th 
“gro 
plasi 
relat 
Tf 
comj 
possi 
from 
must 
ment 
the  c 
detei 
activ 
disru 
of  th 


9a.  Sauer,  C.  1941.  Forward  to  historical  geog¬ 
raphy.  Ann.  Assoc.  Am.  Geographers.  31(1): 
3,  8. 

10.  Whittesley,  D.  S.  1929.  Sequent  occupance. 

Ann.  Assoc.  Am.  Geographers.  19:  162-65. 

11.  Ely,  R.  T.,  &  G.  S.  Wahrein.  1940.  Land 

Ekronomics.  N.  Y. 

12.  Herskovits,  M.  1952.  Economic  Anthropology. 

Ch.  3.  Knopf.  N.  Y. 

13.  Leighly,  J.  1937.  Some  comments  on  con¬ 

temporary  geographic  method.  Ann.  Assoc.  Am. 
Geographers.  27(3):  132,  134. 

14.  Malinowski,  B.  1931.  Culture.  Encyclopedia 

Soc.  Sci.  4:  622. 

15.  Linton,  R.  1945.  The  Cultural  Background  of 

Personality:  11.  N.  Y. 

16.  Platt,  R.  1928.  A  detail  of  regional  geography. 

Ann.  Assoc.  Am.  Geographers.  18(2):  81. 

17.  Landgraf,  J.  L.  Land-use  in  the  Ramah  Area  of 

New  Mexico.  Peabody  Museum  of  Harvard 
Univ.  Papers.  40(5):  In  Press. 


,  chon( 
{  now 
^  mitoc 
V  we  n 
ment 
their 
tiona! 

Th 
work 
in  del 
these 
obser 
the  f 
mitoc 


•Tt 


4 


two  pai 
27.  1953 
tNa 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


157 


DIVISION  OF  MYCOLOGY 


ti,  REACTIONS  OF  FUNGUS  MITOCHONDRIA 
jj.  TO  ENVIRONMENTAL  CHANGES* 

‘h  By  D.  D.  RITCHIEt 

Jy 

^  Interest  in  cytoplasm  and  cytoplasmic  particles 

j  has  increased  during  recent  years  because  of  the 
j  development  of  techniques  that  permit  the  isolation 
nl  of  particles,  and  because  it  has  become  increasingly 
evident  that  respiratory  enzyme  systems  are  con- 
jj  centrated  in  the  particles.  Differential  centrifuga- 
tion  and  washing  of  mitochondria  in  suitable  media 
j  results  in  apparently  well-preserved  particulate 
material,  that  can  be  shown  to  contain  most,  if  not 
all,  of  the  enzymes  necessary  for  the  release  of 
energy  from  food  materials  (Schneider  and  Hoge- 
^  boom').  The  methods  employed  indicate  that,  at 
^  least,  some  of  the  enzymes  are  practically  limited 
h  to  the  particles  that  are  capable  of  accumulating 
'■  the  dye  Janus  green  B,  and  which,  mainly  because 
j1  of  this  ability,  are  considered  mitochondria.  The 
“ground  cytoplasm”  or  “undifferentiated  cyto- 
plasm,”  when  separated  from  the  mitochondria,  is 
relatively  inactive  when  tested  for  enzyme  activity. 
!■  I  The  difficulty  inherent  in  this  approach  is  that 
'■  I  completely  controlled  experiments  are  not  yet 
b  possible.  Before  any  separation  of  particulate 
;■  from  nonparticulate  matter  can  be  made,  the  cells 
must  be  macerated  in  some  fashion,  and  this  treat- 
i:  I  ment  obviously  produces  such  profound  changes  in 
the  cellular  organization  that  it  is  not  possible  to 
i:  determine  beyond  all  doubt  exactly  where  the 
active  compounds  were  localized  before  cellular 
”  disruption  occurred.  Chambers’  stated  this  aspect 
of  the  problem  even  before  the  interest  in  mito- 
chondria  reached  its  present  level.  No  method  is 
now  known  by  which  the  enzymatic  functions  of 
I.  mitochondria  can  be  studied  in  the  intact  cell,  and 
j  we  must  consequently  rely  either  upon  experi¬ 
ments  with  homogenized  cells  that  are  far  from 
their  normal  condition  or  upon  indirect,  observa¬ 
tional  studies  on  undamaged  protoplasm. 

L  The  advantages  of  aquatic  Phycomycetes  for 
work  on  mitochondria  in  situ  have  been  described 
in  detail  by  Ritchie.’-  *  The  main  points  are  that 
f  these  organisms  can  be  mounted  in  water  and 
observed  directly  during  experimental  periods,  that 
the  protoplasts  are  unspecialized,  and  that  the 
j  mitochondria  are  easily  visible  when  seen  with 

*  This  paper,  illustrated  with  lantern  slides,  was  the  first  of 
two  papers  presented  at  the  meeting  of  the  Section  on  February 
27.  1953. 

t  Naval  Research  Laboratory,  Washington,  25,  D.  C. 


phase-contrast  optics.  The  changes  that  mito¬ 
chondria  can  exhibit  are  changes  in  number,  size, 
shape,  refractivity,  motility,  flexibility,  staining 
reaction,  resistance  to  disruption,  and  homogeneity. 

Failure  resulted  from  all  the  numerous  attempts 
that  were  made  to  release  a  single,  active  mito- 
chrondrion  from  its  originally  observed  position 
inside  a  living  cell  out  into  the  surrounding 
medium.  Hogeboom,  Schneider,  and  Pallade®  iso¬ 
lated  mitochondria  of  guinea-pig  liver  by  ho¬ 
mogenizing  the  cells  in  0.88  M  sucrose  or,  with  less 
success,  in  isotonic  NaCl  solution.  Trials  on  the 
fungus  Allomyces  were  made  with  a  wide  range  of 
concentrations  of  both  sucrose  and  NaCl  but, 
when  attention  was  focused  on  one  particular 
mitochondrion,  and  the  solution  was  added  prior 
to  the  application  of  pressure  on  the  hypha,  one  of 
two  things  happened.  Either  the  entire  cell  was 
plasmolysed,  in  which  case  the  mitochondria  were 
destroyed,  or  else  the  mitochondria  remained  until 
mechanical  pressure  caused  them  to  disintegrate 
into  spherical  fragments.  It  is  likely  that  these 
spherical  fragments  are  functionally  as  well  as 
morphologically  different  from  the  typical  long 
rod-shaped  mitochondria,  particularly  if  one  notes 
the  demonstration  of  Bodine’  that  the  O*  uptake  of 
whole  homogenates  is  about  65  per  cent  of  that  of 
intact  tissue.  This  latter  work  emphasizes  the 
importance  of  organizational  intactness  in  the 
functioning  of  protoplasmic  entities. 

The  color  change  that  takes  place  when  tri- 
phenyltetrazolium  chloride  is  reduced  to  the  red 
formazan  gives  a  useful  method  of  determining  the 
precise  sites  of  reduction  within  a  cell,  and  has  been 
used  successfully  in  several  organisms.  In  Al¬ 
lomyces,  grown  on  solid  media  in  which  various 
concentrations  of  the  salt  were  incorporated,  it  was 
found  that  only  in  very  low  percentages  (0.005  per 
cent)  could  a  reaction  be  seen.  There  were  granular 
particles  that  showed  the  red  color,  but  they  could 
not  be  positively  identified  as  typical  mitochondria. 
Higher  concentrations  of  the  salt  produced  serious 
distortions  of  the  hyphae,  with  eventual  death  of 
the  plants.  Typical  filamentous  mitochondria 
never  appeared  in  any  TTC  medium  except  those 
whose  concentration  was  so  low  as  to  produce  no 
result  of  any  sort. 

The  comparison  by  Hogeboom  and  Schneider’  of 
mitochondria  from  normal  cells  with  those  from 
cancerous  cells  showed  that  there  was  a  difference 
in  the  protein  content  of  the  two  types.  Goemer* 
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noted  a  reduction  in  the  vitamin  A  content  of  the 
mitochondria  from  livers  of  rabbits  that  had  had 
doses  of  chemical  carcinogens.  In  the  experiments 
with  Allomyces,  plants  were  grown  in  agar  contain¬ 
ing  various  concentrations  of  two  common  car¬ 
cinogens,  20-methylcholanthrene  and  3,4-benz- 
pyrene.  The  results  were  similar  to  those  of 
Levine,*  who  attempted  to  produce  tumors  on 
carrot  tissue  in  tissue  culture.  Even  when  the 
concentration  of  the  carcinogens  was  much  higher 
than  is  usually  used  in  animal  experimentation,  the 
general  morphology  of  the  mitochondria  in  the 
living  hyphae  was  not  visibly  affected.  The  high¬ 
est  concentration  of  either  chemical  was  20.0  mg. 
per  100  ml.  of  culture  medium.  At  such  concen¬ 
tration,  growth  of  the  plant  was  not  inhibited,  all 
protoplasmic  structures  seemed  entirely  normal, 
and  the  plants  continued  to  grow  normally  when 
transferred  back  to  their  usual  yeast-extract-malt- 
ose  agar. 

One  method  of  attacking  the  mitochondria 
within  the  cytoplasm  is  by  means  of  radiation. 
The  published  reports  on  the  effects  of  radiations 
on  protoplasmic  structures  is  conflicting,  in  that 
Milovidov*®  found  in  Saprolegnia  that  the  mito¬ 
chondria  are  more  sensitve  to  gamma  rays  than  the 
nuclei,  but  Nadson  and  Rochlin**  claimed  the 
opposite  for  onion  epidermis  treated  with  x-rays. 
In  general,  nuclear  activities  have  not  been  as 
readily  affected  by  radiations  as  respiratory  rates 
but,  in  the  work  reported  on  in  the  present  series, 
mitochondria  were  the  first  particulate  structures  in 
the  protoplasts  to  show  evidence  of  disruption  as  a 
result  of  radiations.  The  plants  were  exposed  to 
radiatons  from  a  Co*®  source  emitting  80,000 
roentgen  units  jjer  hour  and,  at  the  end  of  14  hours 
(1,120,000  r.),  mitochondria  had  begun  to  show 
typical  symptoms  of  degeneration,  i.e.,  swelling. 


shortening,  vesiculation,  and  reduction  in  numbers. 
No  initial  stimulation,  as  evidenced  by  an  in¬ 
creased  rate  of  cytoplasmic  streaming,  was  ob¬ 
served.  A  dose  of  1,128,000  r.  was  sufl&cient  to 
cause  visible  damage  not  only  to  the  mitochondria  * 
but  also  to  the  nuclei,  with  eventual  death  to  the 
treated  plants.  As  long  as  the  dosage  damaged 
the  mitochondria  only  and  not  the  nuclei,  recovery 
was  possible,  and  plants  so  treated  were  capable  of 
apparently  normal  reproduction.  The  mito¬ 
chondria  seem  to  be  more  vulnerable  than  other 
protoplasmic  structures  when  any  violent  change 
occurs  in  the  environment  but,  at  the  same  time, 
they  are  more  resilient  and  relativ'ely  more  capable 
of  recovery. 

Mitochondria  are  so  sensitive  to  cellular  damage 
that  they  serve  as  indicators  that  will  bear  watch¬ 
ing.  Granted  that  their  observable  reactions  are 
limited  in  number,  nevertheless  they  alter  their 
appearance  readily  as  a  result  of  environmental 
changes.  Wherever  possible,  in  experiments  em¬ 
ploying  general  destruction  of  natural  protoplasmic 
organization,  mitochondria  should  be  studied 
within  the  living  cell  as  well  as  in  viiro.  ji 
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THE  ROLE  OF  METABOLISM  AND  «- 
KETOGLUTARATE  OXIDASE  IN  THE 
GROWTH  AND  DIFFERENTIATION  OF 
THE  AQUATIC  PHYCOMYCETE  BLAS- 
TOCLADIELLA  EMERSONII* 

By  EDWARD  C.  CANTINOf 
As  the  prodigious  literature  on  comparative  and 
developmental  morphology  continues  to  expand  in 
enormous  proportions,  the  search  for  unifying 
principles  underlying  morphogenetic  mechanisms 
is  gradually  bogging  down  under  the  accumulation 
of  increasingly  diverse,  and  often  unrelated  and  in¬ 
compatible,  observations  on  form  and  structure. 
It  seems  likely  that  a  full  appreciation  of  these 
principles  will  ultimately  be  derived  from  the 
synthesis  of  diferenl  levels  oj  integration  of  basic 
life  processes  and  from  their  subsequent  organi¬ 
zation  into  a  kind  of  superstructure.  At  the  very 
foundation  of  one  such  life  process  is  cellular 
metabolism. 

Whereas  microbial  physiology  has  been  studied 
extensively,  relatively  few  attempts'  -  *•  ’  have  been 
made  to  bridge  the  broad  hiatus  that  separates 
basic  biochemical  mechanisms  from  the  cellular  or 
organismal  form  for  whose  maturation  and  ultimate 
expression  they  must  be,  at  least  in  part,  responsi¬ 
ble.  The  aquatic  fungus,  Blastocladiella,  is  in 
many  ways  well  suited  for  experiments  of  this 
kind;  a  summary  of  some  of  the  results  and  con- 
i  elusions  which  have  been  obtained  with  it  follows. 
The  Alternate  Developmental  Pathways  in  B. 
emersonii.  Blastocladiella  emersonii,  a  primitive, 
arbusculate  aquatic  i .  "romycete  with  a  determi¬ 
nate  system  of  growth,  liberates  motile  uniflagel¬ 
late  swarmers  which  are  capable  of  developing  into 
either  of  two  mature  thallus  types.  One  bears  an 
apical,  thin-walled  sporangium  with  prominent  dis- 
I  charge  papillae,  and  the  other  bears  an  apical, 

'  thick-walled,  pitted,  brown  resistant  sporangium 
(R.S.).  Although  the  life  history  is  inordinately 
complex,^  this  particular  phase  of  morphogenesis 
can  be  controlled  at  will.  In  the  presence  of  ca. 
i  10~*  M  bicarbonate  salts,  R.S.  plants  are  formed; 

in  their  absence,  thin-walled  plants  are  formed 
,  instead.* 

Once  a  quantitative  relationship  between  the 

*  This  paper,  illustrated  with  lantern  slides,  is  a  partial  con- 
I  densaticn  of  the  second  of  two  papers  presented  at  the  meeting  of 

I  the  Section  on  February  27,  1953. 

The  research  presented  here  was  carried  out,  in  part,  at  the 
laboratory  of  Professor  Klubver  in  Delft,  Holland,  where  it  was 
supported  by  the  Gu^enheim  Foundation  during  the  tenure  of  a 
Guggenheim  Fellowship;  and,  in  part,  at  the  UniversiW  of  Penn- 
vlvania,  where  it  was  supported  ny  a  grant  from  the  Division  of 
'  Research  Grants,  U.  S.  PuDlic  Health  Service. 

t  Botanical  Laboratory,  University  of  Pennsylvania. 

i 


IS9 

external  stimulus  (bicarbonate)  and  the  morpho¬ 
genetic  response  had  been  established,  attempts 
were  made  to  elucidate  the  biological  significance  of 
the  “trigger  mechanism”  in  terms  of  the  causal 
biochemical  reactions  involved.  Indirect  and  pre¬ 
sumptive  but,  nevertheless,  extensive  and  gener- 
ally-consistent  evidence,  derived  in  part  from  ob¬ 
servations  of  the  effect  of  intermediates  of  the 
tricarboxylic  acid  cycle  and  metabolic  inhibitors  on 
the  growing  organism,  led  to  the  hypothesis  that 
bicarbonate  tended  to  decrease  the  rate  of  a  biotin- 
dependent  oxidative-decarboxylation  of  a-keto- 
glutarate.  Thus,  some  degree  of  accumulation  of 
intermediates  between  a-ketoglutarate  and  citrate 
or  its  precursor  key-C*  fragments  was  assumed  to 
occur  within  the  fungus  and  this,  in  turn,  initiated 
the  sequence  of  biosynthetic  reactions  which  led  to 
the  genesis  of  a  resistant  sporangium.*  Subse¬ 
quent  attempts  have  been  made  to  corroborate  the 
effect  of  metabolic  inhibitors  in  other  ways.  For 
example,  it  had  been  shown*  that  arsenite  induced 
the  formation  of  ca.  100  per  cent  R.S.  plants  at 
concentrations  of  3  X  10“*  M,  whereas  below  this 
level  it  was  ineffective  and,  at  5  X  10~*  M,  it  was 
toxic  and  prevented  growth.  When  such  mature 
R.S.  plants  are  placed  in  arsenite  solutions,  their 
walls  will  crack  at  all  concentrations  of  this  same 
order  of  magnitude.  Subsequent  germination, 
however,  is  prevented  at  those  very  levels  which 
are  effective  in  inducing  the  genesis  of  R.S. 
(3  X  10~*  M  and  4  X  10~*  M).  It  is  not  pre¬ 
vented  at  those  levels  (2  X  10~*  M  and  below) 
which  are  ineffective  in  inducing  genesis  of  R.S. 
(figure  1).  Similar  results  have  been  obtained 
with  semicarbazide.  Thus,  whatever  be  the  exact 
nature  of  the  metabolic  shunt  leading  to  the  forma¬ 
tion  of  a  resistant  sporangium — whether  it  appears 
de  novo  or  derives  from  intensification  of  a  pre¬ 
existing  weakly-functional  system — arsenite  and 
semicarbazide  apparently  prevent  the  reappearance 
of  the  “normal”  metabolism  for  whose  initial 
alteration  they  were  responsible. 

Furthermore,  other  evidence*  points  to  the  exist¬ 
ence  of  a  critical  period  in  ontogenesis,  beyond 
which  the  morphogenetic  mechanism  cannot  be 
altered  by  an  increase  (or  a  decrease,  as  the  case 
may  be)  of  bicarbonate.  The  phenomenon  ap¬ 
pears  to  be  directly  related  to  a  progressive  de¬ 
crease  in  the  permeability  of  the  thallus  to  bicar¬ 
bonate  during  differentiation.  Concomitantly,  this 
places  a  gradually-increasing  restriction  upon  the 
quantity  of  external  bicarbonate  that  can  penetrate 
the  thallus  membranes,  as  well  as  the  quantity  of 
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metabolic  bicarbonate,  produced  internally,  which 
can  escape  to  the  oustide.  Thus,  the  metabolic 
reactions,  which  are  initiated  by  an  increased 
concentration  of  bicarbonate  and  which  must,  at 
least  in  part,  be  responsible  for  the  genesis  of  a  re¬ 
sistant  sporangium,  are  assured  continuity  by  a 
kind  of  “autocatalysis”  until  differentiation  is 
completed. 

Finally,  the  very  nature  of  the  more  obvious 
structural  differences,  directly  discernible  under  a 
microscope,  between  an  R.S.  plant  and  a  thin- 


developmental  pattern  or  the  basic  structure  and 
behavior  of  the  final  product?  One  of  these 
metabolic  pathways  is,  indeed,  unessential,  for  it  is 
possible  to  block  the  synthesis  of  melanin  with 
phenylthiourea.  Under  these  conditions,  bicar¬ 
bonate  induces  the  formation  of  absolutely  colorless, 
but  otherwise  structurally-normal,  viable,  resistant 
sporangial  plants  (figure  2). 

The  more  obvious  features  associated  with  the 
overall-morphogenetic  process  are  illustrated  in 
FIGURE  3. 
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Figubi  1.  The  effect  of  different  concentrations  of  sodium 
arsenite  ca.  7.0)  on  crackiim  and  subsequent  germination  of 
21-day  old  resistant  sporangia.  R.S.  plants  were  grown  on  medium 
PYGHB<  at  20°C.  and  tested  srith  the  techniques  previously  de¬ 
scribe*. 
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Ficukx  2.  The  effect  of  different  concentrations  of  phenyl- 
thiourea  on  pigmentation  (arbitrary  scale)  of  8-day  old  R.S. 
plants  grown  on  medium  PYGHB*  at  20°C. 


walled  plant,  suggests  that  biosynthesis  of  chitin 
and  “fat”  (normal  constituents  of  a  young  thallus) 
must  accelerate  greatly  during  the  genesis  of  the 
thick  wall  and  numerous  lipid-like  globules  in  a 
resistant  sporangium.  Furthermore,  synthesis  of 
melanin  or  a  melanin-like  pigment  (judging  by 
analogy  with  the  brown  pigment  in  the  R.S.  of 
Allomyces''),  which  is  not  a  visible  constituent  of 
young  thalli  or  mature  thin-walled  plants,  must  be 
initiated.  The  question  naturally  arises;  are  all  of 
these  intrinsic  changes  indispensible  for  morpho¬ 
genesis  or,  on  the  other  hand,  is  it  possible  to 
inhibit  one  or  more  of  these  reactions  chains  with¬ 
out  seriouslv  interfering  with  either  the  overall 


The  Question  of  the  Relation  between  the  Tri¬ 
carboxylic  Acid  Cycle  and  Developmental  Mecha¬ 
nisms  in  B.  emersonii.  If  our  interpretations  re¬ 
garding  the  function  of  bicarbonate  are  correct,  it 
should  be  possible,  in  cell-free  preparations,  (1)  to 
demonstrate  the  presence  of  at  least  some  of  the 
enzyme  systems  associated  with  the  tricarboxylic 
acid  cycle,  (2)  to  verify  the  supposed  effect  of 
biotin,  bicarbonate,  and  the  various  intermediates 
and  metabolic  inhibitors  on  the  oxidation  of  a-keto- 
glutarate,  and  (3)  to  establish  the  relation  of  such 
inhibition  to  the  biosynthesis  of  fat,  chitin,  and 
melanin. 
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Very  recently,  we  have  been  fortunate  in  isolat¬ 
ing  a  mutant  strain  (BSM)  from  another  species  of 
Blastocladiella  (BSS)  which  was  isolated  and  kindly 
provided  by  Dr.  Ralph  Emerson  at  the  University 
of  California.  Whereas  BSS  behaves  in  all  essen¬ 
tial  respects  like  B.  emersonii  (BE)  when  it  is 
grown  on  bicarbonate  media,  the  mutant  strain 
\  does  not  respond  to  this  stimulus  and  never  pro- 
I  duces  resistant  sporangial  plants  under  these  same 
conditions.  A  comparative  study  of  the  demon- 
j  strable  enzyme  systems  associated  with  the  tri- 
1  carboxylic  acid  cycle  ought  thus  to  yield  direct 
[  evidence  with  which  the  proposed  function  of  bi¬ 
carbonate,  based  originally  upon  indirect  evidence, 
can  be  substantiated  or  refuted.  Such  experi- 
j  ments  have  just  begun,  and  a  summary  of  the 
data  as  yet  available  must  be  considered  in  the 

I 

nature  of  a  progress  report  preliminary  to  a  more 
detailed  account  which,  it  is  hoped,  will  soon  be 
forthcoming. 

(1)  Cytochrome  Oxidase.  Supernatant  fractions, 
obtained  by  differential  centrifugation  of  homo¬ 
genates,  have  been  prepared  from  BE,  BSM,  and 
BSS;  all  of  which  consistently  possess  cytochrome 
oxidase  activity.  Oxidation  of  reduced  cyto¬ 
chrome  C  was  followed  spectrophotometrically  at 
550  m/i.  There  appear  to  be  no  significant  differ¬ 
ences  in  the  activity  of  the  enzyme  derived  from 
the  three  different  organisms.  Representative  re¬ 
sults  are  delineated  in  figuke  4. 

(2)  Succinic  Dehydrogenase.  Supernatant  frac¬ 
tions  from  all  three  organisms  always  possessed 
1  succinic  dehydrogenase.  Its  activity  was  followed 
!  (a)  colorimetrically  in  Thunberg  tubes,  using  a 

j  Klett-Summerson  colorimeter,  by  reduction  of 
indophenoi;  and  (b)  spectrophotometrically  at  550 
i  niM  by  the  reduction  of  oxidized  cytochrome  C  in 
[  the  presence  of  KCN.  Here,  too,  there  appeared 
I  to  be  no  significant  differences  in  activity  among 
I  the  enzyme  preparations  derived  from  the  three 
organisms.  Representative  results  are  illustrated 
in  FIGURE  5. 

(3)  a-Ketoglutarate  Oxidase.  Supernatant  frac¬ 
tions  from  both  BE  and  BSS  rapidly  oxidized 
o-ketoglutarate,  provided  DPN  was  added  for 
hydrogen  transport;  TPN  was  equally  effective. 
The  addition  of  muscle  adenylic  acid.  Mg,  Mn, 
thiamine,  or  co-carboxylase,  singly  and  in  combina¬ 
tion,  did  not  induce  an  increase  in  these  rates. 
Without  further  purification  of  the  enzyme  prepa¬ 
rations,  however,  it  is  impossible  to  ascertain  with 
certainty  whether  or  not  any  of  those  compounds 


were  actually  essential  but  already  present  in  the 
supernatant  in  sufficient  concentration  for  maximal 
activity.  Oxidation  of  a-ketoglutarate  was  com¬ 
pletely  inhibited  in  the  presence  of  2  X  10~*  M 
semicarbazide. 

Direct  evidence,  furthermore,  strongly  suggests 
that  the  addition  of  biotin  to  our  homogenates 
accelerates  the  oxidation  of  a-ketoglutarate. 
When  an  inordinately  strong  (3  X  10~*M)  malonate 
block  is  incorporated  in  the  reaction  mature  con¬ 
taining  DPN  or  TPN,  cytochrome  C  is  reduced  at 
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Fioukk  3.  The  alternate  developmental  pathways  for  B.  emer- 
sonii. 


a  rapid  rate  {cf.,  for  example,  curve  BE,  figure  6) ; 
incorporation  of  biotin  (0.7  to  7.0  Mg/ml*)  has  no 
appreciable  effect.  In  the  presence  of  somewhat 
weaker  (10“*  to  5  X  10“*  M)  malonate  blocks, 
cytochrome  C  continues  to  be  reduced,  but  at  a 
somewhat  lower  rate  (upper  curve,  figure  7). 
When  biotin,  however,  is  incorporated  under  these 
conditions,  the  reduction  of  cytochrome  C  tapers 
off  very  abruptly  (lower  curves,  figure  7).  It  is 
our  considered  interpretation  that  biotin  is  prob¬ 
ably  involved  in  the  oxidation  of  a-ketoglutarate. 
Under  conditions  where  the  malonate  block  is 
sufficiently  weak  to  allow  some  degree  ot  leaKagc 
from  the  start,  free  succinate  accumulates  and  is 
metabolized  further.  In  the  presence  of  added 
biotin,  the  rate  of  leakage  is  increased.  One  or 
more  of  the  products  formed  must  function  as 
hydrogen  acceptor  for  the  reduced  DPN  or  TPN, 
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0.5  M  .MALONATE 


MO  SUCCINATE' 


MINUTES 

Fiousx  4.  The  change  in  optical  density  of  cytochrome  C  (re¬ 
duced  with  dithionate)  at  550  nui-  Each  cuvette  contained:  M/15 
phosphate,  pH  7.0,  2.0  ml.;  1.7  X  10^  M  cytochrome  C,  0.5  ml.; 
enzyme  (BSM  or  BSS),  0.3  mi.;  water  to  a  total  of  3.0  ml.  0.2  ml. 
of  3  X  10~*  M  KCN  was  used  in  certain  emriments  as  indicated 
in  graph.  Results  with  BE  were  comparable. 


— (ftr: - (?)-  . 

0  10  20 

MINUTES 

Figubb  5.  The  change  in  optical  density  of  cytochrome  C  at 
550  nvi.  Each  cuvette  contained;  M/7.S  phosphate  pH  7.0,  1.0  | 
ml.;  1.7  X  KT*  M  cytochrome  C,  0.5  ml.;  enzyme  (BSM,  BSS,  or  ; 
BE),  0.3 1^.;  3  X  10**  M  KCN,  0.1  ml.;  water  to  a  total  of  3.0  ml. 
0.5  ml.  of  3.0  M  malonate  was  used  in  certain  ezperiments  as  indi¬ 
cated  in  graph;  0.1  ml.  (final  concentration,  10*‘  M)  yielded  com¬ 
parable  results. 


* 


B£, 

•  EMDOCCNOUS 
I  B.S.M. 


BE,BiOTin,OPN 


BSS,  Biotin, TPM 


Figubb  6.  The  change  in  optical  density  of  cytochrome  C  at 
550  mil.  Each  cuvette  contained:  M/7.5  phosphate,  pH  7.0,  1.0 
ml.;  0.2  M  a-ketoglutarate,  0.25  ml.;  2.5  X  10~'  M  DPN,  0.25  ml.; 
1.74  X  10~<  M  cytochrome  C,  0.5  ml.;  3.0  M  malonate,  0.3  ml.; 
3  X  1(H  M  KCN,  0.1  ml.;  enzyme  (BE),  0.3  ml.,  or  (BE  plus  BSM), 
0.15  ml.  uch;  water  to  a  total  of  3.0  ml.  The  endogenous  curve 
was  obtained  in  the  absence  of  ketoglutarate;  in  the  presence  of 
the  latter  but  in  the  absence  of  added  DPN  or  TPN,  a  curve  of 
the  same  order  of  magnitude  is  obtained. 


thus  decreasing  the  total  quantity  of  reduced  cyto¬ 
chrome  C  that  can  accumulate.  This  interpreta¬ 
tion  is  consistent  with  observations  that  the  rate 


Figubb  7.  The  change  in  optical  density  of  cytochrome  C  tt 
550  mil.  Each  cuvette  contained  the  components  as  itemized  lor 
BIGUBB  6,  ezcept  as  follows:  3.0  M  malonate,  only  0.1  ml.;  2.7  X 
10~'  M  ITN,  when  used  (see  graph),  6.25  ml.;  biotin,  when  used 
(see  graph),  2  tig. 


of  reduction  of  cytochrome  C  and,  more  particu¬ 
larly,  the  total  quantity  of  reduced  cytochrome  C 
which  accumulates,  is  inversely  related  to  the 
amount  of  malonate  used;  in  the  complete  absence  j 
of  malonate,  the  amount  of  cytochrome  C  reduced 
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after  20  minutes  is  of  the  same  order  of  magnitude 
as  the  low  endogenous  values  (in  the  absence  of 
a-ketoglutarate).  Judging  from  the  succinic  de¬ 
hydrogenase  activity  of  these  preparations 
(figure  5),  and  assuming  that  succinate  is  indeed 
formed  via  oxidation  of  ketoglutarate,  it  may  be 
argued  that  appreciable  reduction  of  cytochrome  C 
should  be  expected  even  if  all  of  the  ketoglutarate- 
hydrogen  from  reduced  DPN  is  shunted  elsewhere. 
This  does  not  necessarily  follow,  however,  in  view 
of  demonstrations^  that  concentrations  of  DPN  as 
low  as  10“‘  M  may  inhibit  succinic  dehydrogenase, 
and  in  view  of  suggestions  (by  Slater;  reviewed  by 
Chance  and  Smith*)  regarding  the  possibility  of 
hydrogen  transfer  from  succinate  through  di- 
aphorase  (?)  to  DPN  which  could,  presumably,  be 
oxidized  once  again.  Preliminary  tests  with  our 
preparations  (1)  show  that,  whereas  DPN  (or 
TPN)  is  essential  for  oxidation  of  a-ketoglutarate, 
the  nucleotide  turns  over  at  a  sufficiently  rapid 
rate  so  that  its  reduction  cannot  easily  be  fol¬ 
lowed  spectrophotometrically,  and  (2)  indicate  that 
DPN,  at  2  X  10“*  M,  apparently  does,  to  some 
degree,  inhibit  oxidation  of  succinate,  if  it  is 
measured  by  reduction  of  cytochrome  C.  Experi¬ 
ments,  now  in  progress,  will  undoubtedly  help  to 
further  elucidate  the  reactions  centering  around 
the  oxidation  of  a-ketoglutarate  by  Blastocladiella. 

Fractions  prepared  from  BSM  in  exactly  the 
same  fashion,  however,  showed  virtually  no  activity 
with  a-ketoglutarate  (FiGtntE  6),  although  these 
same  preparations,  for  example,  dehydrogenated 
succinate  at  the  usual  rate.  The  fact  that  a  mix¬ 
ture  of  equal  quantities  of  the  homogenates  from 
BSM  and  BE  yielded  roughly  half-maximal  rates 
of  reduction  of  cytochrome  C,  with  ketoglutarate 
as  substrate,  tends  to  eliminate  the  possibility 
that  the  BSM  preparation  was  inadvertently  in¬ 
activated  by  some  kind  of  contaminating  inhibitor. 
We  suggest  that  the  mutant  strain  is  virtually 
devoid  of  the  oxidase,  and  believe  that  these  ob¬ 
servations  offer  strong,  direct,  corroborative  evi¬ 
dence  for  our  hypothesis  regarding  the  biochemical 
basis  for  morphogenesis  in  Blastocladiella  emersonii. 
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Conclusions  and  Summary.  The  foregoing  re¬ 
sults  establish  the  presence,  in  two  different  species 
and  a  mutant  strain  of  the  aquatic  Phycomycete, 
Blastocladiella,  of  several  of  the  enzyme  systems 
associated  with  the  tricarboxylic  acid  cycle,  and 
they  present  a  foothold  with  which  to  further 
evaluate  the  path  of  mobile  hydrogen  during  oxida¬ 
tion  of  a-ketoglutarate  in  these  organisms. 

It  is  suggested,  particularly,  that  the  compara¬ 
tive  study  of  the  normal  and  mutant  strains  of 
Blastocladiella  discussed  herein  furnishes  strong, 
direct,  evidence  for  our  hypothesis,  derived  origi¬ 
nally  from  studies  in  vivo,  that  bicarbonate  initiates 
the  morphogenetic  mechanism  leading  to  formation 
of  resistant  sporangia  in  Blastocladiella  by  inter¬ 
fering  with  a  biotin-dependent  oxidation  of  a-keto¬ 
glutarate.  Work,  now  in  progress,  is  aimed  at 
elucidating  the  presumably  causal  nature  of  this 
partial  block  in  the  reactions  leading  to  the  synthe¬ 
sis  of  melanin,  chitin,  and  fat  which  occur  during 
the  genesis  of  resistant  sporangia. 
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CONFERENCE  HELD 


SECTION  OF  BIOLOGY 


“NUTRITIONAL  FACTORS  AND  LIVER 
DISEASES” 


February  13  and  14,  1953 

The  Section  of  Biology  held  a  Conference  on 
“Nutritional  Factors  and  Liver  Diseases.”  Doc¬ 
tor  Klaus  Schwarz  of  the  National  Institute  of 
Arthritis  and  Metabolic  Diseases,  National  Insti¬ 
tutes  of  Health,  Bethesda,  Md.,  was  the  Conference 
Chairman  in  charge  of  the  meeting. 

The  program  consisted  on  the  following  papers: 


Friday,  Ftbruary  13 

Morning  Session.  Chairman:  Klaus  Schwarz 


“Liver  Necrosis  vs.  Fatty  Liver  and  Cirrhosis,” 
Klaus  Schwarz,  National  Institute  of  Arthritis  and 
Metabolic  Diseases,  National  Institutes  of  Health, 
Bethesda,  Md. 

“Experimental  Differentiation  Between  Liver 
Necrosis  and  Liver  Cirrhosis,”  Floyd  S.  Daft, 
National  Institute  of  Arthritis  and  Metabolic 
Diseases,  National  Institutes  of  Health, 
Bethesda,  Md. 

“The  Sequence  of  Pathologic  Events  in  the 
Development  of  Experimental  Fatty  Liver  and 
Cirrhosis,”  W.  S.  Hartroft,  University  of  Toronto, 
Toronto,  Canada. 

“The  Lipotropic  Factors,”  Charles  H.  Best, 
University  of  Toronto,  Toronto,  Canada. 

“Lipotropic  Effects  of  Vitamin  B12  and  Other 
Factors,”  Victor  A.  Drill,  College  of  Medicine, 
Wayne  University,  Detroit,  Mich. 

“Liver  Carcinoma  in  Chronic  Choline  Defi¬ 
ciency,”  D.  H.  Copeland  and  W.  D.  Salmon, 
Alabama  Poly  technical  Institute,  Auburn,  Ala. 

“Hepatomas  Produced  in  Mice  by  Feeding 
Bentonite  in  the  Diet,”  J.  W.  Wilson,  Brown 
University,  Providence,  R.  I. 


Afternoon  Session.  Chairman:  Charles  S. 
Davidson 


“Survey  of  the  World  Situation  on  Kwashiorkor 
and  Malignant  Malnutrition,”  J.  F.  Brock,  Uni¬ 
versity  of  Cap)e  Town,  Cape  Town,  Union  of  South 
Africa  (Representing  the  World  Health  Organi¬ 
zation). 

“Pathology  of  Dietary  Liver  Disease  in  Central 
Africa,”  J.  N.  P.  Davies,  Mulago  Hospital, 


Makerere  College,  University  College  of  East 
Africa,  Kampala,  Uganda,  East  Africa. 

“Clinical  Aspects  and  Treatment  of  Kwashior¬ 
kor,”  H.  C.  Trowell,  Mulago  Hospital,  Makerere 
College,  University  College  of  East  Africa, 
Kampala,  Uganda,  East  Africa. 

“Liver  Disease  and  Malnutrition,”  J.  Gillraan 
and  T.  Gillman,  University  of  Witwatersrand, 
Johannesburg,  Union  of  South  Africa. 

“Enzyme  Activity  in  Fatty  Livers  in  Human 
Infants,”  John  C.  Waterlow,  University  College  of 
the  West  Indies,  Mona,  St.  Andrew,  Jamaica. 

“Protein  and  Amino  Acids  in  Dietary  Liver 
Disease,”  Bruce  M.  Nicol,  Colonial  Medical  Serv¬ 
ice,  Nigeria,  British  West  Africa. 

“Relative  Effects  of  Protein  and  Lipotropic 
Substances  in  the  Treatment  of  Nutritional  Cir¬ 
rhosis  in  Rats,”  Arthur  J.  Patek,  Jr.,  New 
York,  N.  Y. 

“Dietary  Factors  in  the  Treatment  of  Laennec’s 
Liver  Cirrhosis,”  George  J.  Gabuzda,  Jr.  and 
Charles  S.  Davidson,  Thorndike  Memorial  Labora¬ 
tory,  Boston  City  Hospital,  Boston,  Mass. 

“Relation  of  Pancreatic  Secretion  to  Production 
of  Fatty  Livers,”  A.  Kaplan,  Medical  Research 
Institute,  Michael  Reese  Hospital,  Chicago, 
Illinois. 

“Treatment  of  Infantile  Cirrhosis  of  the  Liver 
with  Antibiotics,”  P.  K.  Rao,  Victoria  Hospital, 
Bangalore,  India. 


Evening  Session.  Chairman:  J.  F.  Brock 


“Metabolic  and  Nutritional  Patterns  in  Al¬ 
coholism,”  Jorge  Mardones,  Institute  de  Investiga- 
ciones  Sobre  Alcoholismo,  Universidad  de  Chile, 
Santiago,  Chile. 

“The  Genetotrophic  Concept — Nutritional  De¬ 
ficiencies  and  Alcoholism,”  R.  J.  Williams,  Uni¬ 
versity  of  Texas,  Austin,  Texas. 

“Dietary  Aspects  of  Liver  Cirrhosis  in  Al¬ 
coholism,”  Charles  S.  Davidson  and  Gerald  B. 
Phillips,  Thorndike  Memorial  Laboratory,  Boston 
City  Hospital,  Boston,  Mass. 


Saturday,  February  14 

Morning  Session.  Chairman:  Floyd  S.  Dafto 


“Pathology  of  Dietary  Necrotic  Liver  Disease,” 
George  L.  Fite,  National  Institute  of  Arthritis  \ 
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and  Metabolic  Diseases,  National  Institutes  of 
Health,  Bethesda,  Md. 

“Dietary  Methods  for  Induction  of  Necrotic 
Liver  Degeneration,”  Marianne  Goettsch,  Uni¬ 
versity  of  Puerto  Rico  School  of  Medicine,  San 
Juan,  Puerto  Rico. 

“Experimental  Dietary  Hepatic  Necrosis:  Ab¬ 
sence  of  Cirrhosis  following  Recurrent  Attacks,” 
F.  W.  Hoffbauer,  University  of  Minnesota  Medical 
School,  Minneapolis,  Minn. 

“Environmental  Conditions  and  Dietary  Liver 
Necrosis,”  J.  M.  Naftalin,  Rowett  Research  In¬ 
stitute,  Bucksburn,  Aberdeenshire,  Scotland. 

“Influence  of  Endociine  Glands  on  the  Develop¬ 
ment  of  Acute  Massive  Liver  Necrosis,”  J. 
M.  R.  Beveridge,  Queen’s  University,  Kingston, 
Ontario. 

“Factors  Involved  in  the  Protection  Against 
Liver  Necrosis,”  Klaus  Schwarz,  National  Institute 
of  Arthritis  and  Metabolic  Diseases,  National 
Institutes  of  Health,  Bethesda,  Md. 

“Enzyme  Abnormalities  Associated  with  Dietary 
Necrotic  Liver  Degeneration  in  Rats,”  Robert  E. 


Olson,  The  University  of  Pittsburgh,  Pittsburgh, 
Penn. 

Afternoon  Session.  Chairman:  Charles  H.  Best 

“The  Xanthine  Oxidase  Factor,”  W.  W.  Wester- 
feld,  Syracuse  Medical  College,  Syracuse,  N.  Y. 

“Vitamin  E  Absorption  and  Utilization  in  Liver 
Disease  in  Man,”  Gerald  Klatskin,  Yale  University 
School  of  Medicine,  New  Haven,  Conn. 

“Phospholipid  S)mthesis  in  Liver  Metabolism,” 
W.  E.  Comatzer,  University  of  North  Dakota, 
Grand  Forks,  N.  D. 

“Antibiotics  and  Experimental  Dietary  Liver 
Disease,”  Paul  Gregory,  Hospital  of  the  Uni¬ 
versity  of  Pennsylvania,  Philadelphia,  Pa. 

“Hepatic  Injury  Due  to  Conditioned  Sulfur 
Amino  Acid  Deficiency,”  Hans  Popper,  The 
Hektoen  Institute  for  Medical  Research,  Chicago, 
Illinois. 

“An  Investigation  of  the  Role  of  Nutrition  in 
Viral  Hepatitis,”  N.  C.  Leone,  W.  Diefenbach, 
M.  Eads,  Frank  Ratner,  and  R.  Murray;  National 
Microbiological  Institute,  National  Institutes  of 
Health,  Bethesda,  Md. 
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Barger,  James  Daniel,  M.D.,  Pathology.  Director  of 
Laboratory  of  Good  Samaritan  Hospital,  Phoenix, 
Ariz. 

Bashe,  Winslow  J.,  Jr.,  M.D.,  Virology.  Research 
Ass^iate,  Children’s  Hospital  of  Philadelphia,  Phila¬ 
delphia,  Pa. 


Bauer,  Hars  Georg,  M.D.,  Endocrinology,  Private 
Practice,  New  York,  N.  Y. 

Beers,  Roland  F.,  M.D.,  Physical  Biochemistry.  As¬ 
sistant  Professor  of  Physical  Biochemistry,  Massa¬ 
chusetts  Institute  of  Technology,  Cambridge,  Mass. 

Benedetti-Pichler,  Anton  .4.,  Analytical  Chemistry. 
Professor  of  Chemistry,  Queens  College,  Flushing, 
L.  I.,  N.  Y. 

Bentinck-Smith,  John,  D.  V.  M.,  Clinical  Pathology. 
Clinical  Pathologist,  N.  Y.  State  College  of 
Veterinary  Medicine,  Ithaca,  N.  Y. 

Bergmann,  Martin  S.,  M.S.,  Psychology.  Private 
Practice,  New  York,  N.  Y, 

Bergsma,  Daniel,  M.D.,  Public  Health.  State  Com¬ 
missioner  of  Health,  State  Department  of  Health, 
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Beste,  Lawrence  F.,  Ph.D.,  Physical  Chemistry.  Re¬ 
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Medici,  Paul  T.,  M.S.,  Pharmacy.  Instructor,  St. 

John’s  College  of  Pharmacy,  Brooklyn,  N.  Y. 
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